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tong  duration  of  action 


Greater  patient  comfort1 


Reduced  need  for  strong 
postoperative  analgesics2 


Improved  pulmonary 
functions3 


Reduced  incidence  of 
atelectasis2 


Use  lowest  dosage  of 
local  anesthetic  to  yield 
effective  anesthesia 
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(bupvacaine  HO  injection,  USP) 
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Marcaine 


(bupvacaine  HCI  injection,  USP) : 


PLEASE  CONSULT  FULL  PRESCRIBING  INFORMATION.  A  SUMMARV  FOLLOWS: 


CONTRAINDICATIONS:  Obstetric  paracervical  block  anesthesia,  use  in  this  technique  has  resulted  in  tetal 
bradycardia  and  death  Known  hypersensitivity  to  the  drug  or  to  any  amide- type  local  anesthetic,  or  to  other 
components  ol  MARCAINE  solutions 

WARNINGS 


THE  0.75%  CONCENTRATION  OF  MARCAINE  IS  NOT  RECOMMENDED  FOR  OBSTETRICAL 
ANESTHESIA.  THERE  HAVE  BEEN  REPORTS  OF  CARDIAC  ARREST  WITH  DIFFICULT 
RESUSCITATION  OR  DEATH  DURING  USE  OF  MARCAINE  FOR  EPIDURAL  ANESTHESIA 
IN  OBSTETRICAL  PATIENTS.  IN  MOST  CASES.  THIS  HAS  FOLLOWED  USE  OF  THE  0.75% 
CONCENTRATION.  RESUSCITATION  HAS  BEEN  DIFFICULT  OR  IMPOSSIBLE  DESPITE 
APPARENTLY  ADEQUATE  PREPARATION  AND  APPROPRIATE  MANAGEMENT  CARDIAC 
ARREST  HAS  OCCURRED  AFTER  CONVULSIONS  RESULTING  FROM  SYSTEMIC  TOXICITY 
PRESUMABLY  FOLLOWING  UNINTENTIONAL  INTRAVASCULAR  INJECTION.  THE  0.75%  CON¬ 
CENTRATION  SHOULD  8E  RESERVED  FOR  SURGICAL  PROCEDURES  WHERE  A  HIGH 
DEGREE  OF  MUSCLE  RELAXATION  ANO  PROLONGED  EFFECT  ARE  NECESSARY 


LOCAL  ANESTHETICS  SHOULD  ONLY  BE  EMPLOYED  BY  CLINICIANS  WHO  ARE  WELL  VERSEO  IN 
DIAGNOSIS  AND  MANAGEMENT  OF  DOSE-RELATED  TOXICITY  ANO  OTHER  ACUTE  EMERGENCIES 
WHICH  MIGHT  ARISE  FROM  THE  BLOCK  TO  BE  EMPLOYEO.  ANO  THEN  ONLY  AFTER  INSURING 
THE  IMMEDIATE  AVAILABILITY  OF  OXYGEN.  OTHER  RESUSCITATIVE  DRUGS.  CARDIOPULMONARY 
RESUSCfTATIVE  EQUIPMENT.  AND  THE  PERSONNEL  RESOURCES  NEEDED  FOR  PROPER  MANAGE¬ 
MENT  OF  TOXIC  REACTIONS  AND  RELATED  EMERGENCIES.  (See  also  ADVERSE  REACTIONS. 
PRECAUTIONS  and  OVERDOSAGE.)  DELAY  IN  PROPER  MANAGEMENT  OF  DOSE-RELATED  TOXICITY. 
UNDERVENTILATION  FROM  ANY  CAUSE  AND/OR  ALTERED  SENSITIVITY  MAY  LEAO  TO  THE  DE¬ 
VELOPMENT  Of  ACIDOSIS.  CARDIAC  ARREST  AND.  POSSIBLY.  DEATH. 

Local-anesthetic  solutions  containing  antimicrobial  preservatives.  *e.  those  supplied  m  multiple -dose 
vials,  should  not  be  used  for  epidural  or  caudal  anesthesia  because  their  safety  has  not  been  established 
with  regard  to  intrathecal  injection  -intentionally  or  not 

It  is  essential  that  aspiration  for  blood  or  cerebrospinal  fluid,  where  applicable,  be  done  prior  to  injecting 
any  local  anesthetic  (the  original  and  ail  subsequent  dosesl  to  avoid  intravascular  or  subarachnoid  injection, 
which  can  occur  even  with  a  negative  aspiration 

MARCAINE  with  epinephrine  1  200,000  or  other  vasopressors  should  not  be  used  concomitantly  with 
ergot-type  oxytocic  drugs,  and  used  with  extreme  caution  in  patients  receiving  monoamine  oxidase  (MAOl 
mhibrlors  or  antidepressants  of  Ihe  triptyfme  or  imipramme  types,  severe  prolonged  hypertension  may  result 

Pending  further  experience.  MARCAINE  administration  in  children  younger  than  1 2  years  is  not  recommended 

Mixing,  or  a  prior  or  intercurrent  use.  of  any  other  local  anesthetic  with  MARCAINE  cannot  be  recom 
mended  because  such  use  lacks  sufficient  clinical  data 

There  have  been  reports  of  cardiac  arrest  and  death  with  MARCAINE  for  intravenous  regional  anesthesia 
(Bier  block)  Since  information  on  safe  dosages  and  procedural  techniques  is  lacking,  MARCAINE  is  not 
recommended 

PRECAUTIONS.  General:  Safety  and  effectiveness  of  local  anesthetics  depend  on  proper  dosage,  correct 
technique,  adequate  precautions,  and  readiness  for  emergencies  Resuscitative  equipment,  drugs,  and 
oxygen  should  be  available  tor  immediate  use  (See  WARNINGS.  ADVERSE  REACTIONS,  OVERDOSAGE  1 
During  major  regional  nerve  blocks,  the  patient  should  have  I V  fluids  via  an  indwelling  catheter  to  assure  a 
functioning  intravenous  pathway  The  lowest  effective  anesthetic  dosage  should  be  used  to  avoid  high 
plasma  levels  and  serious  adverse  effects 

Epidural  Anesthesia:  The  0  5%  and  0  75%  solutions  should  be  administered  in  increments  of  3-5  ml  with 
sufficient  time  between  doses  to  detect  toxic  manifestations  of  unintentional  intravascular  or  intrathecal 
injection  Administration  should  be  slow,  with  frequent  aspirations  before  and  during  the  procedure  to  avoid 
intravascular  injection  which  is  still  possible  even  if  aspirations  for  blood  are  negative  Syringe  aspirations 
should  also  be  performed  before  and  during  each  supplemental  injection  by  '  continuous’'  (intermittent) 
catheter  technique  During  an  epidural  procedure,  it  is  recommended  that  a  test  dose  be  administered 
initially  and  the  effects  monitored  before  giving  the  full  dose  When  using  continuous  catheter  technique,  test 
doses  should  be  given  prior  to  both  the  original  and  all  reinforcing  doses  because  plastic  tubing  in  the 
epidural  space  can  migrate  into  a  Wood  vessel  or  through  the  dura  Clinical  conditions  permitting,  the  test 
dose  should  contain  epinephrine  (10- 15  «g  has  been  suggested)  to  provide  warning  of  unintended  intravas¬ 
cular  injection  II  injected  into  a  Wood  vessel,  this  amount  is  likely  to  produce  a  transient  epinephrine 
response”  within  45  seconds,  consisting  of  an  increase  in  heart  rate  and/or  systolic  Wood  pressure,  cir- 
cumoral  pallor,  palpitations,  and  nervousness  in  the  unsedated  patient  who  may  exhibit  only  a  pulse-rate 
increase  of  20  or  more  beats  per  minute  tor  1 5  or  more  seconds  Therefore,  following  the  test  dose,  heart  rate 
should  be  monitored  for  any  increase  Patients  on  beta  blockers  may  not  manifest  such  changes,  but 
blood -pressure  monitoring  can  detect  a  transient  systolic  rise  The  test  dose  should  also  contain  10-15  mg 
of  MARCAINE  or  an  equivalent  amount  of  another  local  anesthetic  to  detect  unintended  intrathecal  miection 
This  will  be  evidenced  within  a  few  minutes  by  signs  of  spinal  block  (eg.  decreased  gluteal  sensation,  paresis 
ol  the  legs  or.  in  the  sedated  patient,  absent  knee  jerk)  Two  or  3  ml  of  MARCAINE  0  5%  with  epinephrine 
1  200,000  contain,  respectively.  10  and  15  mg  of  bupivacaine  HCI  and  10  and  15  >ig  of  epinephrine  An 
intravascular  or  subarachnoid  injection  is  still  possible  even  with  negative  results  of  the  test  dose,  which  itself 
may  produce  an  epmephrme-mduced  cardiovascular  or  systemic  toxic  reaction  or  high  spinal  effect 

Repeated  doses  may  cause  significant  increases  in  plasma  levels  with  each  such  injection  due  to  slow 
accumulation  of  the  drug  or  its  metabolites,  or  to  slow  metabolic  degradation  Toterance  to  elevated  blood 
levels  varies  with  the  patient's  status  Debilitated,  elderly,  and  acutely  ill  patients  should  be  given  reduced 
doses  commensurate  wilh  age  and  physical  status  Also  use  local  anesthetics  with  caution  in  patients  with 
hypotension  or  heart  Wock 

There  should  be  careful  and  constant  monitoring  of  the  patient  s  cardiovascular  and  respiratory  (adequacy 
ol  ventilation)  vital  signs  and  state  of  consciousness  after  each  injection,  and  kept  m  mind  at  such  times  that 
restlessness,  anxiety,  incoherent  speech,  lightheadedness.  numbness  and  tingling  ol  the  mouth  and  lips 
metallic  lasle.  tinnitus,  dizziness,  blurred  vision  tremors,  twitching,  depression  or  drowsiness  may  be 
warnings  of  CNS  toxicity 

Local  anesthetic  solutions  with  a  vasoconstrictor  should  be  used  cautiously  and  carefully  m  body  areas 
supplied  by  end  arteries  or  with  otherwise  restricted  blood  supply  (digits  nose,  external  ear  penis, 
etc  )  Patients  with  hypertensive  vascular  disease  may  exhiWt  exaggerated  vasoconstrictor  response  ischemic 
injury  or  necrosis  may  result 

Amide- type  anesthetics  such  as  MARCAINE  are  metabolized  by  the  liver  these  drugs  (especially  repeal 
doses)  should  be  used  cautiously  in  patients  with  hepatic  disease  Because  ot  an  inability  to  metabolize  local 
anesthetics  normally,  patients  with  severe  hepatic  disease  are  at  greater  risk  of  developing  toxic  plasma 
concentrations  Also  use  with  caution  in  patients  with  impaired  cardiovascular  function  because  they  may  be 
less  able  to  compensate  tor  functional  changes  associated  with  the  drug's  prolongation  of  A  V  conduction 

Serious  dose  related  cardiac  arrhythmias  may  occur  i!  preparations  containing  epinephrine  are  employed 
m  patients  during  or  following  administration  of  potent  inhalation  anesthetics  In  deciding  whether  to  use 
these  agents  concurrently,  their  combined  action  on  Ihe  myocardium  the  concentration  and  volume  of 
vasoconstrictor  used,  and  the  time  since  miection  should  be  laken  into  account  (when  applicable! 

Many  drugs  used  in  anesthesia  conduction  are  potentially  triggering  agents  tor  familial  malignant  hyperthermia 
Because  it  is  unknown  whether  amide-type  anesthetics  may  trigger  this  reaction  and  because  the  need  tor 
supplemental  general  anesthesia  cannot  be  predicted  in  advance  it  is  suggested  that  a  standard  manage 
ment  protocol  be  available  Early  unexplained  signs  ot  tachycardia,  tachypnea,  labile  blood  pressure  and 
metabolic  aodosismay  precede  temperature  elevation  Successful  outcome  is  dependent  on  early  diagnosis, 
prompt  discontinuance  of  the  suspect  triggering  agent(s).  and  prompt  treatment  including  oxygen  dantrolene 
IV  (see  prescribing  information  before  use)  and  other  supportive  measures 

Its*  in  Head  and  Hack  Araa-  Small  doses  of  local  anesthetics  miected  into  the  area,  including  retrobulbar 
dental,  and  stellate  ganglion  blocks  may  produce  adverse  reactions  similar  to  systemic  toxicity  seen  with 
unintentional  intravascular  injections  of  larger  doses  Confusion  convulsions,  respiratory  depression  and'or 
respiratory  arrest,  and  cardiovascular  stimulation  or  depression  have  been  reported  and  may  be  due  to 
intraarterial  miection  ot  the  local  anesthetic  with  retrograde  How  to  the  cerebral  circulation  Patients 
receiving  these  blocks  should  have  their  circulation  and  respiration  monitored  constantly  with  resuscitative 
equipment  and  personnel  immediately  available  if  needed  Do  not  exceed  dosaqe  recommendations  (Sec 
DOSAGE  AND  ADMINISTRATION  j 

Use  in  Ophthalmic  Surgery  With  MARCAINE  0  75%  for  retrobulbar  block  complete  corneal  anesthesia 
usually  precedes  onset/Of  clinically  acceptable  external  ocular  muscle  akinesia  Presence  ol  akinesia  alone 
delermmes  readiness  for  surgery 

Use  in  Dentistry:  Because  of  the  long  duration  ol  anesthesia  when  MARCAINE  0  5%  with  epinephrine  is 
used  dentally,  caution  patients  about  inadvertent  trauma  to  tongue  lips  and  buccal  mucosa  advise  them  not 
to  chew  solid  foods  or  tesf  (he  anesthetized  area  by  bifing  or  probing  until  anesthesia  has  worn  off  (up  fo  7 
hours) 

Information  for  Patients  When  appropriate  inform  them  m  advanr  e  ol  possible  temporary  loss  of 
sensation  and  motor  activity  (usually  m  the  lower  body)  following  administration  of  caud.il  or  epidural 
anesthesia,  or  other  possible  adverse  occurrence  noted  in  package  insert 

Clinically  Significant  Drug  Interactions  Administering  local  anesthetir  solutions  containing  epinephrine 
or  norepinephrine  to  patients  receiving  MAO  inhibitors  or  tricyclic  antidepressants  may  produce  sever** 
prolonged  hypertension  Thus  concurrent  us*'  should  generally  be  avoided  in  situations  when  such  theiapv 
is  necessary,  careful  momtorinq  is  essential  Concurrent  use  ol  vasopressor  and  ergot  type  oxytocic  dtuqs 
may  cause  severe  persistent  hypertension  or  t  orebiova sc  alar  act  iilent  Phrnothia/ines  and  hutyrophenoni's 
may  reduce  or  reverse  epinephrine's  pressor  effect 

(continued  on  nexf  page) 
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Marcaine  « 

(bupvacaine  HCI  in|ection,USP)  epmephnne  1  200  000 

C*rctaog«n«sis,  and  Impairment  ol  Fertility:  Long-term  studies  in  animals  ot  most  local 

anesthetics  including  bupivacaine  have  not  been  conducted  There  is  no  evidence  from  human  data  that 
MARCAINE  may  be  carcinogenic  or  mutagenic  or  that  it  impairs  fertility 

Pregnancy  Category  C:  Decreased  pup  survival  in  rats  and  an  embryocidal  effect  in  rabbits  have  been 
observed  when  bupivacaine  was  administered  to  either  in  doses  comparable  to  5  to  9  times  the  maximum 
recommended  daily  human  dose  (400  mg)  There  are  no  adequate  and  well-controlled  studies  in  pregnant 
women  of  the  drug's  effect  on  fetal  development,  and  potential  fetal  risk  must  be  justified  by  potential  benefit 
This  does  not  exclude  use  of  MARCAINE  at  term  for  obstetric  anesthesia  or  analgesia  (See  Labor  and 
Delivery) 

Labor  and  Delivery:  SEE  BOXED  WARNING  REGARDING  OBSTETRIC  USE  OF  0  75%  MARCAINE.  and  its 
contraindication  m  obstetric  paracervical  block  Local  anesthetics  cross  the  placenta  rapidly  and.  when 
used  for  epidural,  caudal,  or  pudendal  block,  can  cause  varying  degrees  of  maternal,  fetal,  and  neonatal 
toxicity  (See  Pharmacokinetics  in  CLINICAL  PHARMACOLOGY)  The  incidence  and  degree  ol  toxicity 
depend  upon  the  procedure  performed,  and  drug  type,  amount,  and  technique  ot  administration  Adverse 
reactions  in  the  parturient,  fetus,  and  neonate  involve  alterations  of  the  CNS.  peripheral  vascular  tone,  and 
cardiac  function 

Maternal  hypotension  has  resulted  from  regional  anesthesia  Local  anesthetics  produce  vasodilation  by 
blocking  sympathetic  nerves  Elevating  the  patient's  legs  and  left-side  positioning  will  help  prevent  decrease 
m  blood  pressure  Fetal  heart  rate  should  be  monitored  continuously,  preferably  electronically  Epidural, 
caudal,  or  pudendal  anesthesia  may  alter  parturition  through  changes  in  uterine  contractility  or  maternal 
expulsive  efforts  Epidural  anesthesia  has  been  reported  lo  prolong  second-stage  labor  by  removing  the 
parturient's  reflex  urge  to  bear  down,  or  by  interference  with  motor  function  Use  ol  obstetric  anesthesia  may 
increase  need  for  forceps  assistance 

Some  local  anesthetic  drugs  may  dimmish  muscle  strength  and  tone  for  the  first  day  or  two  of  life  It  is 
un reported  with  bupivacaine 

Of  extreme  importance  Avoid  aortocaval  compression  of  the  gravid  uterus  during  administration  ot 
regional  block  To  do  this,  maintain  the  parturient  in  the  left  lateral  decubitus  position,  or  place  a  blanket  roll  or 
sandbag  beneath  the  right  hip  to  displace  the  gravid  uterus  away  from  the  great  vessels 
Nursing  Mothers:  It  is  not  known  whether  local  anesthetics  are  excreted  in  human  milk,  because  many 
drugs  are,  administer  with  caution 

Padiatric  Uaa:  Without  further  experience  in  children  under  12,  MARCAINE  is  not  recommended  for  this 
group 

ADVERSE  REACTIONS:  A  major  cause  o!  adverse  reactions  to  amide-type  local  anesthetics  is  excessive 
plasma  levels,  possibly  due  to  overdosage,  unintentional  intravascular  injection,  or  slow  metabolic  degradation 
Systemic:  The  most  common  acute  experiences,  demanding  immediate  countermeasures,  involve  the  CNS 
and  cardiovascular  systems  Adverse  events  are  generally  dose-related  and  due  to  high  plasma  levels  which 
may  result  from  overdosage,  rapid  absorption  from  the  injection  site,  diminished  tolerance,  or  unintentional 
intravascular  injection  of  the  solution  In  addition  to  systemic  dose-related  toxicity,  unintentional  subarach¬ 
noid  injection  during  performance  ol  caudal  or  lumbar  epidural  block  or  nerve  blocks  near  the  vertebral 
column  (especially  in  the  head  and  neck  region)  may  result  in  underventilation  or  apnea  Also,  hypotension 
due  to  loss  of  sympalhetic  tone,  and  respiratory  paralysis  or  underventilation  due  to  cephalad  extension  ol 
the  motor  level  of  anesthesia,  may  occur,  leading  to  secondary  cardiac  arrest  if  untreated  Factors  influenc¬ 
ing  plasma  protein  binding  such  as  acidosis,  systemic  diseases  which  alter  protein  production  or  competi¬ 
tion  of  other  drugs  for  protein  binding  sites,  may  diminish  individual  tolerance 

Central  Nervous  System:  Excitation  and/or  depression,  restlessness,  anxiety,  dizziness,  tinnitus,  blurred 
vision  or  tremors  may  occur,  possibly  convulsions  Excitement  may  be  transienl.  depression  being  the  first 
manifestation  ol  an  adverse  reaction  Drowsiness  merging  into  unconsciousness  and  respiratory  arrest  may 
quickly  follow  Other  CNS  eflects  may  be  nausea,  vomiting,  chills,  pupillary  constriction  Incidence  of 
convulsions  vanes  with  the  procedure  used  and  total  dose  administered  In  studies  of  epidural  anesthesia, 
overt  toxicity  progressing  to  convulsions  occurred  in  approximately  0  1  %  of  procedures 
Cardiovascular:  High  doses  of  unintentional  intravascular  injection  may  lead  to  high  plasma  levels  and 
related  myocardial  depression,  decreased  cardiac  output,  heart  block  hypotension,  bradycardia,  ven¬ 
tricular  arrhythmia  including  ventricular  tachycardia  and  ventricular  fibrillation,  and  cardiac  arrest  (See 
WARNINGS  PRECAUTIONS.  OVERDOSAGE  ) 

Allergic:  Rare  and  may  occur  as  a  result  of  sensitivity  to  the  local  anesthetic  or  to  other  formulation  ingre¬ 
dients  such  as  the  antimicrobial  preservative  methytparaben  contained  m  multiple-dose  vials  or  sulfites  in 
epinephrine-containing  solutions  Possible  reactions  urticaria,  pruritus,  erythema,  angioneurotic  edema 
(including  laryngeal),  tachycardia,  sneezing,  nausea  vomiting,  dizziness,  syncope,  excessive  sweating, 
elevated  temperature,  perhaps  anaphylactoid  symptoms  (including  severe  hypotension)  Cross- sensitivity 
among  members  of  the  amide -type  anesthetic  group  reported,  value  of  sensitivity  screening  is  unestablished 
Neurologic:  incidence  ol  adverse  reactions  associated  with  use  of  such  drugs  may  be  related  lo  the  total 
dose  administered,  and  dependent  upon  the  particular  drug  used  route  of  administration,  and  the  patienf  s 
physical  status  Many  effects  may  be  related  to  technique,  with  or  without  the  drug  being  contributory 

In  performing  caudal  or  lumbar  epidural  block,  occasional  unintentional  penetration  ol  the  subarachnoid 
space  by  catheter  or  needle  may  occur  Subsequent  adverse  effects  may  depend  partially  on  the  amount  of 
drug  administered  mtrathecally  and  physiologic  and  physical  effects  of  dural  puncture  High  spmals  are 
characterized  by  leg  paralysis,  loss  of  consciousness  respiratory  paralysis,  and  bradycardia  Effects 
following  epidural  or  caudal  anesthesia  may  include  spinal  block  of  varying  magnitude  (including  high  or 
total  spinal  block)  hypotension  secondary  to  spinal  block  urinary  retention,  fecal  and  urinary  incontinence, 
loss  of  perineal  sensation  and  sexual  function  persistent  anesthesia,  paresthesia,  weakness,  paralysis  of 
the  lower  extremities,  and  loss  of  sphincter  control -all  ol  which  may  show  slow,  incomplete,  or  no  recovery, 
headache,  backache  septic  meningitis  menmgismus  slowing  ot  labor,  increased  incidence  of  forceps 
delivery  cranial  nerve  palsies  duejto  Iraction  on  nerves  from  loss  of  cerebrospinal  fluid 
OVERDOSAGE:  Acute  emergency  during  therapeutic  local  anesthesia  is  generally  related  to  high  plasma 
levels  or  unintended  subarachnoid  injection  ol  the  solution  iSee  ADVERSE  REACTIONS  WARNINGS. 
PRECAUTIONS  | 

The  first  consideration  m  management  is  prevention,  best  accomplished  by  careful,  constant  monitoring  of 
cardiovascular  and  respiratory  vital  signs  and  Ihe  patient's  state  ol  consciousness  after  each  injection  At  the 
first  sign  of  change  administer  oxygen  The  first  step  in  the  management  ot  systemic  toxic  reactions,  as  wet/ 
as  underventifafion  or  apnea  due  to  unintentional  subarachnoid  injection  of  drug  solution,  consists  ot 
immediate  attention  to  the  establishment  and  maintenance  of  a  patent  airway  and  effective  assisted  or 
controlled  ventilation  with  100 %  oxygen  with  a  delivery  system  capable  of  permitting  immediate  positive 
airway  pressure  by  mask  Endotracheal  intubation  may  be  indicated  to  meet  the  need  for  prolonged  ventilatory 
support  or  if  difficulty  is  encountered  in  Ihe  maintenance  of  a  patent  airway 

if  necessary,  use  drugs  to  control  convulsions  A  50  100  mg  bolus  IV  injection  ot  succmylcholme  will 
paralyze  ihe  patient  (without  CNS  or  cardiovascular  depression!  and  facilitate  venlilation  A  5  10  mg  IV 
bolus  of  diazepam  or  50  lOO  mg  of  thiopental,  will  permit  ventilation  and  counteract  CNS  stimulation  but 
these  drugs  also  depress  CNS  respiratory  and  cardiac  function  add  to  postictal  depression  and  may  cause 
apnea  Intravenous  barbiturates  anticonvulsant  agents  or  muscle  relaxants  should  be  administered  only  by 
those  familiar  with  use  Immediately  after  institution  of  ventilalory  measures  circulatory  adequacy  should  be 
evaluated  supportive  treatment  may  require  administration  of  IV  fluids  and  when  appropriate,  a  vasopres 
sor  dictated  by  the  clinical  situation  (eg  ephedrme  or  epinephrine  to  enhance  myocardial  contractile  force! 

Recent  clinical  data  from  patients  experiencing  convulsions  induced  hy  local  anesthetics  demonstrated 
rapid  development  of  hypoxia  hyperrarbia  and  acidosis  with  bupivacaine  within  a  minute  of  onset  These 
observations  suggest  that  O  consumption  and  CO,  production  are  greatly  increased  during  the  convul 
sions  and  emphasize  the  importance  of  immediate  ventilation  with  oxygen  it  not  treated  effectively  convul 
Sions  and  their  complications  plus  myocardial  depression  from  direct  effects  of  the  local  anesthetic  may 
result  m  cardiac  arrhythmias  bradycardia  asystole  ventricular  fibrillation  or  cardiac  arrest  Respiratory 
abnormalities  including  apnea  may  occur  underventilation  or  apnea  due  to  unintentional  subarachnoid 
injection  ol  the  solution  may  also  lead  to  these  siqns  and  cardiac  arrest  if  ventilatory  support  is  not  insti¬ 
tuted  H  cardiac  arrest  occurs  prolonged  resuscilative  effort  may  determine  a  successful  outcome 

In  treating  systemic  toxicity  maternal  hypotension  or  letal  bradycardia  following  regional  block  avoid 
aortocaval  compression  by  the  gravid  uterus  The  supine  position  is  dangerous  m  pregnant  women  The 
parturient  should  be  maintained  m  the  left  lateral  decubitus  position  il  possible  or  manual  displacement  ol 
the  uterus  oM  the  great  vessels  be  accomplished  iSee  tabor  and  Delivery  in  PRECAUTIONS  I 
Composition  of  Marcam*  Solutions  0  25% -each  mL  contains  ?  5  mq  bupivacaine  0  5%-each  ml 
contains  5  mq  bupivacaine  0  75  V-each  ml  contains  7  5  mq  bupivacaine  All  concentrations  contain  NaCl 
for  isotonicity  m  Water  for  Injection 

In  multiple  dose  vials  each  ml  also  contains  1  mq  methylparaben  With  epinephrine  each  mL  also 
contains  0  0091  mg  epinephrine  bitartrate  0  5  mq  sodium  bisulfite.  0  001  mL  monothioglycerol  2  mq 
ascorbic  and  0  001  7  ml  ftO"-  sodium  i.tclafe  and  0  i  mq  erletAte  calr  mm  diSOdmm 
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limited  therefore,  early  registration 
is  strongly  recommended 


We  Teach  It! 

Comprehensive  Review 
in  Toxicology  (CRIT) 

A  4-day  course  for  practitioners  in 
Emergency  Medicine,  Family  Practice, 
and  Emergency  Nursing,  clinically 
oriented,  and  guaranteed  to  be  fun,* 
covering  all  aspects  of  toxicology  and 
poisonings.  In  addition  to  lectures, 
two  days  will  be  devoted  to  case 
presentations,  with  participants 
critiqued  on  their  differential  diagnoses 
and  treatment  regimens. 

A  cassette  tape  series  for  the  didactic 
sessions  listed  below  (days  1  &  2)  is 
now  available  for  your  personal  use. 
Produced  by  the  Denver  Institute  of 
Clinical  Toxicology,  these  tapes  are 
professional  quality,  taped  and  edited 
in  Denver.  With  each  tape  you  order, 
you’ll  receive  an  outline  of  the 
program. 

Instructor:  Peter  D  Bryson,  MD  — 
Medical  Director,  Poison  Treatment 
Center,  and  Emergency  Medicine  Staff, 
St  Anthony  Hospital  Systems,  Denver. 
Dr  Bryson,  who  is  board  certified  in 
toxicology,  is  a  nationally-known 
speaker  in  the  areas  of  toxicology  and 
emergency  medicine. 

Sponsors:  Denver  Institute  of  Clinical 
Toxicology  and  St  Anthony  Hospital 
Systems. 

Credit:  Approved  by  ACEP,  AMA.  and 
AAFP  for  20  hours  Category  I  credit. 

Tuition:  Physicians  $350**;  Residents 
in  training  and  nurses  $325*  * 


I  would  liku  to  order _ _  Single  lapels )  ( $10) 

_ Three-tape  Mini-Series  ( $42 ) 

_ Four-tape  Midi-Series  ($75) 

_  Twelve  Tape  Series  ( $150 ) 

on  the  sessions  cheeked  below: 

_ 1.  Management  ol  the  Overdosed  Patient 

_ 2.  Pharmacokinetics  Toxicokinetics 

_ _ .  3.  Tricyclics  Anticholinergics 

_ 4.  Acetaminophen 

_ _ 5.  Salicylates 

_ (i.  Iron 

_ 7  Cyanide  Laetrile 

_ _ X  Alcohols  Aniongap 

_ H  Insecticides 

_  HI.  Hydrocarbons 

_ 11  Drags  of  Abused!  tapes) 

My  check  money  order  (US  funds  I  for _ _ _ 

enclosed 
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CALENDAR 


CA  Sponsor  Law  &  Business  Inc  Harcourt  Brace  Jovanovich.  Pub  Fee  $395 
Contacl  Brenda  D  Kovatch  Sem  Asst  Law  &  Business  855  Valley  Rd  C-ilton 


For  a  list  of  ACEP  Category  I  approved  education  programs  available 
for  HOME  STUDY,  contact  Headquarters 

The  following  courses  are  automatically  granted  ACEP  Category  I 
credit  on  an  hour-for-hour  basis  when  following  the  American  Heart 
Association  protocol  ACLS  Instructor,  ACLS  Provider;  BCLS  Instruc¬ 
tor  The  following  courses  are  automatically  granted  ACEP  Category  I 
credit  when  following  the  American  College  of  Surgeons  protocol 
ATLS  Instructor  (25  hr),  ATLS  Provider  (19  hr). 

Courses  approved  for  ACEP  Category  I  credit  are  indicated  by  ■ 
ACEP  Category  I  approved  credit  hours  are  indicated  in  boldface  after 
each  listing.  Color  indicates  ACEP-sponsored  or  -cosponsored 
courses 

The  Calendar  is  prepared  oy  the  ACEP  Education  Department  For 
more  information,  contact  Education  Department.  American  College 
of  Emergency  Physicians,  PO  Box  619911,  Dallas.  TX  75261-9911; 
(214)659-0911 


SEPTEMBER 


■  EMERGENCY  CARE:  AN  EXTENDED  WORKSHOP.  September,  1985. 

Boston,  MA  Sponsor  Harvard  Med  Sch  Fee  $950  Contact  Barbara 
Wagner.  MA  Gen  Hosp  Boston  MA  02114  (617)  726-3905  (80) 

TOPICS  IN  EMERGENCY  MEDICINE  —  1985.  September  4  1985  Hanover 
NH  Sponsor  Dartmouth-Hitchcock  Med  Ctr  Fee  $60  $75  Contact  Janet  F 
Thibodeau.  Prog  Mgr.  OCEHS  Dartmouth-Hitchcock  Med  Ctr  Hanover  NH 
03756  (603)  646-5744 

■  CHILDHOOD  RESUSCITATION  AND  STABILIZATION.  September  6-8, 1985. 

Orlando.  Fl  Sponsor  ECE  Inc  Tampa  Gen  Hosp  USF  Coil  of  Med,  Tampa  Em 
Assoc  Fee  $250  Contact  Natalia  N  Cruz,  MSN.  ARNP  PO  Box  18566. 
Tampa.  FL  33679(813)251-6911  (13) 

■  CARDIOLOGY  TUTORIALS  IN  THE  WILDERNESS.  September  7-14,  198S. 

Colorado  Sponsor  UCSDSchotMed  Fee  $395  Contacl  Cindy  Saxe.  Oft  of 
CME  M-017.  UCSD  Sch  of  Med.  La  Jolla.  CA  92093  (619)  452-3940  (24) 

e  SCIENTIFIC  ASSEMBLY.  September  9-12,  1985.  I  ,i  V.  -.j  i  Nv  Sponsur 
N  it  ■  I  Ai. .  It'll.,  S.WO  AC  1 1*  11-y.  M-'IUiiv  54-U)  Hi,-.  Non  Momtii'r 
I  ■  Hi.  !'  |>  ACI  PI'I  '  Hi).  6t')"1  t  |  >,ill.|-,  1 X  76, '1 , 1  '19 1 1  |.' l.t i  t,6‘l 

IMM  (29) 

e  CURRENT  CONCEPTS  IN  EMERGENCY  MEDICINE.  September  13.  1985 

H  . '"I  '»A  .1  I  .' ■■..  '•  'Jl  At. I  I’  A  (  ii.l'.ly:  I.Mllttl  lor  M"(l  i  It  l  ni  t. l,  I 

'll  I  it!  U  I  1  '■,!••  41)1  A I'm i  VA  J.'Jtn  I  71131  H41  ll.U  ( 

(4) 

ATLS  PROVIDER  COURSE.  September  13-14, 1985.  Los  Angeles  CA  Spon 
sot  LCEC  Fee  $475  Contact  ECEC.  4640  Admiralty  Way  #305  Marina  del 
Hey  CA  90292  (213)  822  1312 

■  COMPREHENSIVE  REVIEW  IN  TOXICOLOGY.  September  13-16,  1985. 

Washington  DC  Sponsor  St  Anthonys  Hosp  Sys.  Denver  Inst  ol  Clinical 
toxicology  Fee  $300  $350  Conlact  Peter  D  Bryson.  MD  Rl  5  Box  732  A 
Golden  00  80401(303)626-1840  (20) 

■  CARDIOLOGY  TUTORIALS  IN  THE  WILDERNESS.  September  15-22,  1985. 

Vermont  Sponsor  UCSDSchotMed  Fee  $396  Contact  Cindy  Saxe  Oft  ot 
CM!  M01 7  UCSDSchotMed  La  Jolla  CA  92093  (619)  452  3940  (24) 

e  THE  MANAGEMENT  OF  SEVERE  TRAUMA.  September  16-18, 1985.  Boston 
MA  Sponsor  Harvard  Med  Sch  DeplotCt  lee  To  be  determined  Contact 
Noi'nan  Shostyk  HMS  Dept  ot  Cf  641  Huntington  Ave  Boston  MA  02115 
(617)  732  1625  (20) 

■  BATTLEFIELD  MEOICINE.  September  16-20, 1985.  Brooks  Af  B  IX  Sponsor 
Brooks  At  B  tx  Contac  t  Patricia  Banner  MD  My|  USAf  MC  USAt  SAM 
F  UK  [Looks  Af  B  IX  /H235  'i(X)l)  t5t?)  4'I2  (>746  (21) 


NJ  07013  (201)  472-7400 

■  SEVENTH  ANNUAL  EMERGENCY  PEDIATRICS.  September  20-21, 1985. 

Boston.  MA  Sponsor  Boston  Umv  Sch  ol  Med  Fee  $14S-S220  Comacl  Mary 
Hiii  ,  Dept  otCME  .  Boston  Unrv  Sch  ot  Med  80 1  Concord  St  Boston  MA02H8 
(617)247-5602  (11.5) 

■  VASCULAR  AND  PULMONARY  DISEASES:  DIAGNOSIS  AND  MANAGE¬ 
MENT  September  20-22, 1985.  Las  Vegas  NV  Sponsor  Umv  ot  CO  Sch  ol 
Med  &  Med  Ed  Resources  Fee  $190-$295  Contacl  Stephen  E  Mattingly 
5808  S  Rapp  St.  Ste  202.  Littleton  CO  80120  (303)  798-9682  (13) 

■  POSTGRADUATE  INSTITUTE  FOR  EMERGENCY  AND  PRIMARY  CARE 
PHYSICIANS-SYMPOSIUM  I.  September  23-27. 1985.  San  Diego  CA  Spon¬ 
sor  UCSDSchotMed  Fee  $215-$440  Contact  Cindy  Saxe  Off  ot  CE  M 
017.  UCSD  La  Jolla.  CA  92093  (619)  452-3940  (33) 

■  EMERGENCY  MEDICINE  REVIEW.  September  23-28,  1985.  Omaha  NE 
Sponsor  Univ  ot  NE  Med  Ctr  Fee  $325  $4  75  Contact  Marge  Adey.  Ctr  for 
CE  42nd  &  Dewey  Ave  Omaha  NE  68105  (402)  559  4152  (45) 

e  POSTGRADUATE  INSTITUTE  FOR  EMERGENCY  AND  PRIMARY  CARE 
PHYSICIANS-ADVANCED  EMERGENCY  MEDICINE  PROCEDURES  LABO¬ 
RATORY.  September  24-26, 1985.  San  Diego  C  A  Sponsor  UCSDSchotMed 
Fee  $200  Contact  Cindy  Saxe  Oft  ot  CE  M-01 7.  UCSD,  La  Jolla  CA  92093 
(619)452-3940  (3) 

■  FIRST  NATIONAL  CONFERENCE  ON  PEDIATRIC  TRAUMA.  September 
26-27,  1985.  Boston,  MA  Sponsor  Kiwams  Ped  Trauma  Inst,  Kiwams  Intnt 
Found.  New  Eng  Med  Ctr  Fee  $385  Contact  Richard  Murphy  PA,  171 
Harrison  Ave.  Box  133.  Boston  MA  02111  (617)  956-6380  (16) 


Emergency  Medicine 
Part  II  Board  Review 


_ by  the _ 

Department  of  Emergency  Medicine 
Harbor/UCLA  Medical  Center 


Torrance,  California 


A  Three-Step  Approach  To  Maximize  Performance 

•  Discussion  of  board  philosophy  and  procedures, 
general  approach  to  the  examination,  common 
mistakes  and  tips  on  maximizing  your  score 

•  Review  of  videotaped  simulated  examination 
sessions  and  explanation  of  the  sconng  system 

•  Private,  individual  examination  encounters  with 
immediate  feedback  on  performance  and 
counselling  in  areas  of  weakness 

1 985  Session  —  Los  Angeles,  California 
October  4,  1 985  /  January  1 986 
$500 

For  information  contact: 

Bruce  E  Haynes.  M.D. 

P  O  Box  10005.  Torrance,  Ca  90505 
(213)  533  3501 


BOARD  REVIEW  COURSE.  September  18. 1985.  Phoenix  A/  Spunsu'  I  mi" 
y  F’hyvci.jrv,  Iru;  F  »>♦*  THA  f'.nnt.ict  K  N-m  o*.  Ml)  1  All  F 

*\v<.n,j(.  P>n H.-nm  A/  HSO/U  [U(V)  8lM  / 

Noi  afttltalotl  vwtti  tN*  Anwn<  an  h**iii|  ( 4  f  "*V<1i<  rr 

ENTREPRENEURIAL  HEALTH  CARE.  September  19-20, 1985.  ‘*ir.  F  m-"  m  -> 
f  -1  H  August  19HS  Annals  of  Emergency  Medicine 
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■  ADVANCED  CARDIAC  UFE  SUPPORT  PROVIDER  COURSE.  September 
27-28, 1985.  Asheville.  NIC  Sponsor  Mountain  Area  Hlth  Educ  Ctr  Fee  $200 
Contact  Sherrill  L  Gentry.  ACLS  Admin  Secy.  Mountain  Area  Hlth  Educ  Ctr.  501 
Biitmore  Ave.  Asheville.  NC  28801  (704)  658-2677  (16) 

■  SIMULATED  ORAL  BOARO  SEMINAR.  September  28. 1985.  Cm  ,  ,Mt,  OH 

Sponsor  OH  ACER  Fee  $200  5300  Conlacl  Joan  W  Hes  or  l  «  L)ir  1395  l 
Gudim  Rn  Gramm  e  Ro  #310  Coumbu:.  OH  4.1329  it>14)  846  00/6  (8) 

■  EMERGENCY  MEDICINE  UPDATE:  WOUND  REPAIR  IN  THE  EMERGENCY 
DEPARTMENT.  September  28, 1985.  Sponsor  Univ  of  Pittsburgh  Schof  Med. 
Div  ol  CE  &  Ctr  of  Em  Med  ol  Western  Pennsylvania  Fee  $75  Contact  Molly  T 
Vogt.  PhD.  Dir.  Div  of  CE.  1022  Scaife  Hall,  Pittsburgh  PA  15261  (4 12) 
624-2653  (6.5) 

■  EMERGENCY  MEDICINE  REVIEW.  September  28-October  2,  1985. 

Cmumpi.s  OH  Sponsor  OH  ACI.  P  I  re  $2/5  $.17'.  i  ,  '  ,r,  fli,,.,., 

i  <  (Jir  OH  ACER  1395  E  Dub  <n  Or, invi  e  R<)  ste  .nr  i.s..iri,,'  '.*<r 

1614 1  846-00/6  (49) 

■  SIMULATED  ORAL  BOARD  SEMINAR.  September  29.  1965  A,  ,  i  i . 

Sponsor  OH  ACER  Fee  $200  S3U0  Cuiit.u  :  Ju.n  W  . . .  I  «  Or  Mgs  i 

LJi.tji.n  Hd  Orunvii  e  Hd  #810  Coiur-Pus  OH  •U.'2'J  td-l  H4(,  tin  t.  (8) 

■  THE  CHILD  AT  RISK:  PHYSICAL  AND  SEXUAL  ABUSE.  September  3D- 
October  1,  1985.  Boston,  MA  Sponsor  Boston  Univ  Sch  of  Med  Fee  $75 
Contact  Alicia  Leahy.  Dept  of  CME  Boston  Univ  Sch  of  Med  80  E  Concord  Si 
Boston.  MA  021 18  (61 7)  247-5602  (12) 


C  ALPHA  CENTAURI  "\ 

presents 

A  PREPARATORY  COURSE  FOR  PART  II 
of  the 

EMERGENCY  MEDICINE  BOARO  EXAMINATION 

Section  l 

8  hours  of  lectures,  demonstrations  and  discussions  designed  to 
address  key  areas  of  Part  II  of  the  Board  Exam,  including: 

•  Efficient  Data  Acquisition  in  Critical  Situations 

•  Treatment  Priorities 

•  Communication  Skills 

•  Patient  Management 

•  Common  Errors 

•  Note  Sheet  Organization 

•  The  Exam  Process 


Section  II 

Optional  private  1  Vi-hour  simulated  Board  Exam  including: 

•  Three  complete  Board-Exam-Type  Questions 

•  Personal  Critique  Using  ABEM-Type  Scoring  System 

•  One-to-One  Student  Examiner  Instruction 

Course  taught  by  emergency  medicine  residency-trained  physi¬ 
cians.  •  All  faculty  are  diplomates  of  ABEM.  •  All  courses  held  in  San 
Diego,  California.  •  Over  90%  pass  rate  for  students  who  have  taken 

*****  O.TK 

Tutorials  Feb  13  Sec  I  Sep  1 7  Sec  I 

Available  Feb  14  Sec  II  Sep  18  Sec  II 

Jun  10  Sec  I  Dec  6  Sec  I 

Jun  1 1  Sec  II  Dec  7  Sec  II 

TUITION 

Sec  I  MOO  Sec  II  $250 
For  further  information  contact 
TH  Webster,  MD,  FACEP,  Co-Director,  or 
Frank  Mannix,  MD,  FACEP,  Co-Director 
619/436-1328 

Suite  2005,  103  N  Highway  101 
Encinitas,  CA  92024 
'Th<*  course  i#  not  affiliated  with  or  sponsored  by 
the  American  Board  o I  Emergency  Medicine. 

90%  pass  rata  for  two  years. 


OCTOBER 


AEROSPACE  MEDICINE  PRIMARY  COURSE.  October  2-November  21. 1985. 

Brooks  AFB.TX  Sponsor  USAF  Sch  of  Aerospace  Med  Contact  Christopher 
P  Bell.  USAFSAM/EDK.  Brooks  AFB,  IX  78235  (512)  536  2844 

a  EMERGENCY  MEDICINE:  CHALLENGING  CLINICAL  PROBLEMS.  October 

3-6.1985  Fallen  Leaf  Lake.  CA  Sponsor  Univ  of  California  Ole  ol  CME  Fee 
TBA  Contact  Yvonne  Maiesko,  Ole  ol  CME  School  ol  Med  2701  Stockton 
Blvd.  Sacramento.  CA  95817  (916)  453-5390  (16) 

■  SIMULATED  ORAL  BOARD  SEMINAR  October  5.  1985 

•  "  :  . (8) 

a  an  ADVANCED  PEDIATRIC  UFE  SUPPORT  COURSE.  October  7-9,  1985 

Baltimore.  MD  Sponsor  Johns  Hopkins  Med  Institutions,  Fee  $3/5  Contact 
Noreen  Javormk.  Off  olCE.  Turner  Bldg  720  Rutland  Ave  Baltimore  Ml) 21205 
(301)955-6046  (19) 

PREPARING  FOR  THE  BOARDS  —  EMERGENCY  MEDICINE  1985  October 

7-11.19852  ■  ,  i.  .  i  ■  is  . 

■  EMERGENCY  MEDICINE  REVIEW.  October  7-12, 1985.  Omaha  Nf  Sponsor 

Univ  of  NE  Med  Ctr  Fee  $325-$475  Conlacl  Marge  Adey  Cn  lor  Cl  42nd  & 
Dewey  Ave.  Omaha.  NE  68105  (402)  559-4152  (45) 

e  CURRENT  TOPICS  IN  EMERGENCY  MEDICINE.  October  9-11,  1985. 

Charlottesville.  VA  Sponsor  EMS  Univ  ol  VA  Fee  $200  $225  Contact 
Robed  D  Powers.  MD,  Box  523.  UVA  Hosp  Charlottesville  VA  22901  (H04i 
924-8485  (15) 

THE  SIXTH  ANNUAL  CONFERENCE  ON  CRITICAL  CARE  TRANSPORT. 
October9-11, 1985.  San  Francisco.  CA  Sponsor  Dept  ol  Critica'  Care  Irans 
pod.  Stanford  Univ  Hosp  &  Contemporary  Forums  Fee  $275  $295  Curitacl 
Margaret  Blair.  RN.  BSN,  Program  Administrator  Contemporary  Forums.  2'9 
Canyon  Vista  Place.  Danville,  CA  94526  (415)  820-2800 

CURRENT  CONCEPTS  IN  EMERGENCY  CARE  October  10-11.  1985 

I  i  ji-i  i'  i  Wi  :  ;  i,  .r  .  r  1  ,•  M  -  '  i.i-  * '  I  i 1  -  .  :  *  ; 

'■iii  1 1  iv, i  w  :  I  m  Ml  i  :  V  .  '  ii  •  •  ;  ■  ■  ,  ■  ;  . 

W- vVl  h.i.'ll'l  1 4  *4: 

■  ATLS  PROVIDER  COURSE.  October  10-11, 1985.  Kansas  City  KS  Sponsor 
Univ  of  KS  Med  Clr  Fee  TBA  Contact  Jody  Scott,  Univ  ol  KS  Med  Clr.  Dept  ol 
Surgery.  39lh  &  Rainbow  Blvd.  Kansas  City,  KS  66103  (913)  588-6124  (16) 

■  VASCULAR  AND  PULMONARY  DISEASES:  DIAGNOSIS  AND  MANAGE¬ 
MENT.  October  11-13, 1985.  Orlando.  FL  Sponsor  Univ  ol  CO  Sch  ol  Med  & 
Med  Ed  Resources  Fee  $190-5295  Contact  Stephen  E  Mattingly,  5808  S 
Rapp  St.  Ste  202.  Littleton.  CO  80120  (303)  798-9682  (13) 

e  TEXAS  CHAPTER  WRITTEN  BOARD  PREPARATION  COURSE  October  11 
1985.  ii  ■  :  i  - 

■  '  I-  ■  '  '  "  ii  '•■•••  ■  (6) 

e  ORAL  BOARD  EXAM  PREP  COURSE  (INDIVIDUAL)  October  12  1985 

(8) 

e  TEXAS  CHAPTER  ORAL  BOARD  COURSE  October  12.  1985 
■  18) 

■  CARDIOPULMONARY  EMERGENCIES.  October  12-19, 1965.  Grand  Cayman 
Island  Sponsor  UCSD  Sch  ol  Med  Fee  $275  $325  Conlacl  OH  ol  CML 
M  017  UCSD  Sch  of  Med  La  Jolla  CA  92093  (619)  452  3940  (21) 

BOARD  REVIEW  COURSE.  October  16, 1985.  Phoenix  AZ  Sponsor  Emor 
gency  Physicians  Inc.  Fee  TBA  Contact  Robert  KNmvos  MD  1  741  C  Molten 
Avenue  Phoenix  AZ  85020  (602)  952  804  7 

e  PEDIATRIC  ADVANCED  LIFE  SUPPORT.  October  24-25,  1985.  St  Paul  MN 

Sponsor  Childrens  Hosp  ol  SI  Paul  MN  Fee  $50  $150  Contact  l  eslie 
Fishman  MD  345  N  Smith  Ave  St  Pam  MN  55102  (61?)  298  8236  (16) 

CAMPBELL'S  ENDURANCE  SPORT  AND  FITNESS  SYMPOSIUM.  October 
24-25,  1965.  Kon.i  Ml  Sponsor  Un|v  of  California  Irvine  St;h  of  Med  fee 
$95  $?4U  Contact  .)  Massimmo  MD  896  Town  and  Country  Office  Park 
Orange  CA  9;>668  (818)  999-34J1? 
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WRITTEN  BOARD  REVIEW 

EMERGENCY  MEDICINE 


The  Philadelphia  Examiners  have  prepared  three  hundred 
questions  which  we  feel  are  of  comparable  difficulty  to  the 
ABEM  exam.  Two  hundred  questions  are  grouped  by  cate¬ 
gory  and  follow  the  percentages  guideline  given  by  ABEM 
(e.g.,  13%  cardiovascular,  7%  trauma,  etc.).  Questions 
come  complete  with  a  separate  booklet  of  novelette  size 
answers  and  explanations  of  possible  pitfalls. 


Many  physicians  have  expressed  their  special 
apprehension  in  the  fields  of  toxicology  and  neurol¬ 
ogy.  To  meet  this  end  we  have  included  an  additional 
fifty  questions  on  toxicology  focusing  on  the  inges¬ 
tions  causing  metabolic  acidosis,  hypersmolality, 
and  delayed  toxicity.  A  full  twenty-five  questions 
explore  the  differences  of  the  stroke  syndrome 
and  the  diagnostic  clues  of  coma.  Further 
questions  round  out  your  knowledge  of 
meningitis  in  different  age  groups,  vaginal 
bleeding  in  the  different  stages  of 
pregnancy,  and  the  distinctions  of 
dementia,  delirium,  and  behavioral  disorders. 


All  of  the  answers  are  referenced  in 
both  Rosen's  textbook,  Emergency 
Medicine  and  the  ACEP  study  guide.  Studying 
one  or  both  of  these  texts,  followed  by  the 
review  questions,  will  provide  active  feedback 
and  help  in  the  assessment  of  your  core  knowledge. 


We  have  also  prepared  a  unique  set  of  professionally  recorded  audio  cassettes.  These  six  hours  of 
written  review  invite  active  participation  as  the  lectures  are  filled  with  questions  for  the  listener.  Pauses  of 
sufficient  time  allow  the  examinee  to  answer.  A  comprehensive  answer  booklet  is  included  These 
cassettes  should  be  listened  to  over  and  over  again  in  the  comfort  of  your  home  or  automobile  Remember  that 
repetition  is  st  ill  the  mother  of  learning  and  nowhere  is  that  more  evident  than  in  toxicology  and  pharma¬ 
cology.  A  full  ninety  minutes  is  devoted  to  the  intricacies  of  the  alcohols,  analgesics,  mushrooms,  plant  toxins 
and  street  drugs.  A  well  stocked  memory  bank  with  quick  retrieval  is  essential  to  make  that  score  of  75  closer 


□  WRITTEN  BOARD  REVIEW  $95  00 
300  QUESTIONS  WITH  ANSWER 
BOOKLET. 


Piuladelpiua  ''^xornitu'ts 

P.O.  Box  40124 
Philadelphia,  PA  19106 
716/649-6423 


Name 


□  AUDIO  CASSETTES  $125  00 

SIX  HOURS  OF  LECTURES  AND 
QUESTIONS  WITH  ANSWER 
BOOKLET 


Address . 


BOTH 


$195.00 


VISA/Mastercard  #. 


_Exp  Date  . 


Signature 
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i  BASIC  EKG  INTERPRETATION.  October  24-26,  1985.  Chattanooga  IN 

Soonsor  Chattanooga  Unit  of  Untv  ot  TN  Co-i  of  Med  Fee  $2S0-$300 
Contact  Margaret  L  Ciark  Chatta  Unit  ot  UT  Co-  ot  Med  921  E  Third  St  Ste 
400  Chattanooga  TN  37403  (615)  756-3370  (17) 

■  THE  FIRST  NEW  YORK  CITY  MARATHON  SPORTS  EMERGENCIES  SYM¬ 
POSIUM.  October  2S-26, 1985.  New  York  NY  Sponsor  NYUPGMedSch  Fee 
$M3  $t90  Contact  Sandra  Peterfreund  NYUPGMS  550FirstAve  New  York 
NY  '0016(212)340-5295  (11) 

THE  1ST  ANNUAL  REGIONAL  VASCULAR  CONFERENCE:  ADVANCES  IN 
VASCULAR  SURGERY.  October  25-26, 1965.  Knoxville  TN  Sponsor  Knox- 
v!  le  Unit  The  Urnv  ot  Tennessee  Con  ot  Med  Dept  of  CMF  Fee  St  75  $250 
C  intact  James  Newby  or  Kav  Chase  D  116  1924  Aioca  Highway  Knoxville 
TN  3  7920  (615)  544-9190 

■  VASCULAR  AND  PULMONARY  DISEASES:  DIAGNOSIS  AND  MANAGE¬ 
MENT.  October  25-27, 1985.  Hilton  Head  SC  Sponsor  Umvot  COSchot  Med 
(4  Med  Ed  Resources  Fee  $190  $295  Contact  Stephen  t  Mattingly  5808  S 
•IjppSi  Ste  202  Littleton  CO  80120  (303)  798-9682  (13) 

i  ACLS  PROVIOER  COURSE.  October  28-29, 1985.  Long  Beach  CA  Sponsor 
Emergency  Care  Ed  Ctr  Inc  Fee  $100  $225  Contact  ECEC  4640  Admiralty 
Wav  #305  Manna  de'  Hey  CA  90292  (213)  822-1312  (16) 

■  POSTGRADUATE  INSTITUTE  FOR  EMERGENCY  AND  PRIMARY  CARE 
PHYSICIANS-SYMPOSIUM  III.  October  28-November  1. 1985.  San  Diego  C A 
Sponsor  UCSDSchofMed  Fee  $2l5-$440  Contact  Cindy  Saxe  OttotCE 
M-017  UCSDSchofMed  La  JoHa  CA  92093  (619)  452  3940  (33) 


Emergency  Medical  Examiners  of  Florida 


Presents 

Preparing  for  the 
Oral  Board  Examination 

in 

EMERGENCY  MEDICINE 

This  M/2  day  course  offers  the  most  detailed,  comprehensive  means  of  preparing 
for  Part  II  of  the  ABEM  exam  All  courses  are  held  at  least  6  weeks  prior  to  the  exam  to 
allow  for  adequate  preparation  and  practice  Features  include 
Minimum  of  15  Oral  Board  cases  presented 
Detailed  Study  Plan  for  Preparation 
Specific  Recommended  Readings 
Extensive  Hand-Out 
Communication  and  Data  Acquisition 
Organization  and  Process  (including  mneumomcs) 

Critical  Actions  and  Treatment 
Scoring  Criteria 
Common  Errors 
individual  Critiques 

All  instructors  are  ABEM  diplomates  anO  EM  (acuity 

Courses  are  held  m  South  Florida,  with  access  to  3  airports  4  low  airfare 

DATES 


August  16-17  1985 


December  6-7  1985 

CONTACT 


Marc  1 7-8. 1986 


Emergency  Medical  Examiners  ot  Florida 
1037  NW  5th  Street  •  Boca  Raton  Florida  33432  •  305  394-4591 

Tuition  it  $400 

limited  «nrollmeflt  -  Register  early 

‘Nut  aM'Nated  w.th  or  sponsored  t>y  the  Amencan  Board  o*  Emergency  Med'Cme 


■  POSTGRADUATE  INSTITUTE  FOR  EMERGENCY  AND  PRIMARY  CARE 
PHYSICIANS- ADVANCED  EMERGENCY  MEDICINE  PROCEDURES  LABO¬ 
RATORY.  October  29-31, 1985.  San  Diego  CA  Sponsor  UCSD  Sch  of  Med 
Fee  $200  Contact  Cindy  Saxe  OflofCE  M-017  UCSD  La  Jolla  CA  92093 
(619)452-3940  (3) 

■  EMS  TODAY.  October  30-November  1,1985.  Atlanta.  GA  Sponsor  UCSD  Sch 
ot  Med  Fee  $210- $240  Contact  Catherine  Petocchi,  Off  of  CME  M-017 
UCSD  LaJolia  CA  92093  1619)  452  3940  (15) 

•  EMERGENCY  ASSESSMENT.  DIAGNOSIS  AND  CARE.  October  30-Novem¬ 
ber  18.  1985.  -  I  ;  '■  •  1  (V  V.  • 


NOVEMBER 


ATLS  PROVIDER  COURSE.  November  1-2, 1985.  Los  Ange  es  CA  Sponsor 
ECEC  Fee  $475  Contact  ECEC  4640  Admiraiy  Wav  #305  Manna  del  Rey 
CA  90292  1213)  822-1312 

I  FIFTH  ANNUAL  SOUTHWESTERN  POISON  SYMPOSIUM.  November  1-3, 
1985.  Tucson  AZ  Sponsor  AZ  Poison  Control  Sysl  Univ  ol  AZ  Cod  ot  Pharm  Sl 
Lukes  Hosp  Fee  $50-$l35  Contact  Off  ot  CME  Univ  ol  AZ  Col'  of  Med. 
Tucson  AZ  85724  (602)  626-6173  (19) 

i  26TH  WORKSHOP  IN  ELECTROCARDIOGRAPHY.  November  1-4,  1985. 

Oearwate'  Beach  Fl  Sponsor  Rogers  Heart  Found  Fee  $225  Contact 
Anne  Cnss  Taylor,  601  12th  St  No  St  Petersburg  FL  33705  (813)  894-0790 

(19) 

i  ACLS  PROVIDER  COURSE.  November  2-3,  1985.  Tampa  FL  Sponsor  Em 
Care  Ed  Inc  ol  Fl  USF  Con  ol  Med  Fee  $185  Contact  Nala-iaNCruz  RN  or 
Susan  Gould.  RN  PO  Box  18566  Tampa  FL  33679  (8131  251-6911  (16) 

PEDIATRIC  EMERGENCY  MEDICINE.  November  4-8. 1985.  Philadelphia  PA 
Sponsor  Umv  ot  PA  Sch  of  Med  Fee  $450-$700  Contact  PS  Pasquariello  .Jr 
MD  Children's  Hosp  ol  Phila.  Philadelphia  PA  19104  (215)  596-9178 

15TH  ANNUAL  CLINICAL  CONFERENCE:  TOPICS  IN  EMERGENCY  MEDI¬ 
CINE.  November  7-8.  1985.  • 


i  ACLS  PROVIDER  RECERTIFICATION  COURSE  November  8.  1985. 


e  ACLS  INSTRUCTOR  COURSE  November  9.  1985 


i  COMPREHENSIVE  REVIEW  IN  TOXICOLOGY.  November  14-17, 1985.  Denver 
CO  Sponsor  St  Anthony-,  Hospital  Systems  Denver  Institute  ot  Clinical 
loxit  ijioqy  ter?  $300  $350  Contact  Peter  D  Bryson  Rt5Dox  732  A  Golden 
CO  80401  (  103)  9200  (20) 

i  ATLS  REFRESHER  COURSE.  November  15. 1985.  Kansas  C  ly  KS  Sponsor 
Umv  ot  KS  Med  Ctr  tee  IBA  Contact  Jody  Scott  Umv  ol  KS  Med  Ctr  Dept  ot 
Surgery  39th  «,  Hair.tiow  Bvd  Kansas  City  KS  66103  (913l  588-6124  (8) 

i  COMPREHENSIVE  REVIEW  IN  EMERGENCY  MEDICINE  SURGERY 
TRAUMA  November  15-19.  1985 


r  MANAGEMENT  STRATEGIES  IN  EMERGENCY  MEDICINE  November  18-20 

1985.  .  ;  •  ■  i  ::  i  ■ 

(251 

BOARD  REVIEW  COURSE.  November  20, 1985.  I’m . .  A/  Sonnsci-  Inn# 

gniiuy  I'Mv-.n  i.ins  Ira  lee  MIA  Contact  Hobed  h  N-i- -  \S  ■  u  1  (  Mu'tt" 
Ave’s.1-  I" ii  a -'  —  A/  85020  (fiOCl  8<M  ' 

i  VASCULAR  AND  PULMONARY  DISEASES:  DIAGNOSIS  AND  MANAGE¬ 
MENT.  November  22-24. 1985.  t  i-v  H  „  ivv  I ;  Seim,..  u.-w,HOivi  .9 
Mud  A  M' -i  I  I  I  lli-,:i,|'m  Inn  $  ' 1  HI  $. "  “  ,  '  ,  -  ! .  It  :  i  M.lt'-"ijv 

6808  S  H.ll'O  S'e.’i).’  1  'Si-Sj'  -  '  8!  l  >  i  It '  -  ■  'IKH,8.  (13) 


Annals  of  Emergency  Medicine 
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DECEMBER 


■  CURRENT  CONCEPTS  IN  EMERGENCY  CARE.  December  1-6, 1985.  Maui 
HI  Sponsor  WA  ACEP'Inst  lor  Em  Med  Ed  Fee  $200-$350  Contact  Geor- 
gme  Fleck.  Kailani  World  Travel,  4192  Meridian,  Bellingham,  WA  98227  (800) 
426-2561  US  (800)  562-2597  WA  (25) 

i  ACLS  COURSE  ’85.  December  2-4, 1985.  Robbmsdale.  MN  Sponsor  N  Mem 
Med  Ctr  Fee  $100-5150  Contact  Sally  Saltier,  3300  Oakdale  Ave.  Ftob¬ 
binsdale,  MN  55422  (612)  520-5451  (16) 

i  NEONATAL  RESUSCITATION  PROGRAM.  December  5. 1985.  Robbmsdale. 
MN  Sponsor  N  Mem  Med  Ctr  Fee  $60-$120  Contact  Peter  Marshall.  MD.  N 
Mem  Med  Ctr,  3300  Oakdale  Ave,  Robbmsdale.  MN  55442  (612)  520-5451  (8) 

■  VASCULAR  AND  PULMONARY  DISEASES:  DIAGNOSIS  AND  MANAGE¬ 
MENT.  December  6-8, 1985.  Las  Vegas  NV  Sponsor  Unix  ol  CO  Sch  of  Med  & 
Med  Ed  Resources  Fee  $190-$295  Contact  Stephen  E  Mattingly,  5808  S 
Rapp  St,  Ste  202.  Littleton,  CO  80120  (303)  798-9682  (13) 

■  VASCULAR  AND  PULMONARY  DISEASES:  DIAGNOSIS  AND  MANAGE¬ 
MENT.  December  6-8, 1985.  San  Diego  C A  Sponsor  UnivolCOSchof  Med& 
Med  Ed  Resources  Fee  $l90-$295  Contact  Stephen  E  Mattingly.  5808  S 
Rapp  St.  Ste  202,  Littleton,  CO  80120  (303)  798-9682  (13) 

•  POSTGRADUATE  INSTITUTE  FOR  EMERGENCY  AND  PRIMARY  CARE 
PHYSICIANS-SYMPOSIUM II.  December  9-13, 1985.  San  Diego.  CA  Sponsor 
UCSD  Sch  of  Med  Fee  $215-$440  Contact  Cindy  Saxe  Oil  ol  CE.  M-017. 
UCSD,  La  Jolla,  CA  92093  (619)  452-3940  (33) 

■  POSTGRADUATE  INSTITUTE  FOR  EMERGENCY  AND  PRIMARY  CARE 
PHYSICIANS-ADVANCED  EMERGENCY  MEDICINE  PROCEDURES  LABO¬ 
RATORY.  Oecember  10-12, 1985.  San  Diego,  CA  Sponsor,  UCSD  Sch  ol  Med 
Fee  $200  Contact  Cindy  Saxe.  Oft  ot  CE.  M-017,  UCSD,  La  Jolla.  CA  92093 
(619)  452-3940  (3) 

ADVANCED  TRAUMA  LIFE  SUPPORT  (PROVIDER).  December  13-14, 1985. 

Los  Angeles.  CA  Sponsor.  ECEC  Fee  $475  Contact  ECEC.  4640  Admiralty 
Way  #305.  Marina  del  Rey.  CA  90292  (213)  822-1312 

•  TRAUMA  UPDATE  '85.  December  13-14,  1985.  Albuquerque  NM  Sponsor 
Univ  ot  NM  Sch  ol  Med  Burn  &  Trauma  Unit,  NM  Com  on  Trauma  Fee  $150 
Contact  Gerald  B  Demaresl.  MD,  UNM  Hosp.  Dept  ol  Surg  221 1  Lomas.  NE 
Albuquerque.  NM  87131  (505)  843-2270  (9) 

BOARD  REVIEW  COURSE.  December  18, 1985.  Phoenix  AZ  Sponsor  Emer 
gency  Physicians  Inc  Fee  TBA  Contact  Robert  K  Nirnlos.  MD.  1 741  E  Morten 
Avenue.  Phoenix  A Z  85020  (602)  952-8047 


JANUARY  1986 


I  POSTGRADUATE  INSTITUTE  FOR  EMERGENCY  ft  PRIMARY  CARE  PHYSI¬ 
CIANS-SYMPOSIUM  I.  January  13-17, 1986.  San  Diego  CA  Sponsor  UCSD 
Sch  of  Med  Fee  $215-$440  Contact  Cindy  Saxe  Oil  ol  CME.  M  017,  UCSD 
Sch  of  Med.  La  Jolla.  CA  92099  (619)  452-3940  (33) 

i  TEXAS  CHAPTER  ORAL  BOARD  COURSE.  January  18,  1986.  Dallas  TX 
Sponsor  TX  ACER  Fee  $215-$275  Contact  Ruth  Hargrove  Dean  TX  ACER 
P(J  Box  61071  /  Dallas  TX  75261-071 7  (214)  255-2156  (8) 

i  CARDIOLOGY  TUTORIALS  IN  THE  WILDERNESS.  January  18-25,  1986. 

Florida  Sponsor  UCSD  Sch  ol  Med  Fee  $395  Contact  Cindy  Saxe.  Oil  ol 
CME  M-01  7  UCSD  La  Jolla.  CA  92093  (619)  452-3940  (24) 

i  PROBLEMS  IN  INFECTIOUS  DISEASE  &  TOXICOLOGY.  January  18-25, 1986. 

Kona  HI  Sponsor  UCSD  Sch  ol  Med  Fee  $250  $265  Contact  f  dill)  S 
Bookstein.  PO  Box  2586.  La  Jolla,  CA  92038  (619)  4.54  3212  (21) 

I  9TH  ANNUAL  NEUROLOGY  FOR  NON-NEUROLOGISTS.  January  29-31, 
1986.  San  Diego.  CA  Sponsor  UCSD  Sch  ol  Med  Fee  $350  $400  Contact 
WC  Wiederholt  MD  UCSD  M024  I  a  Jolla.  CA  92093  (619)  452  6224  (21) 


prochlorperazine 


Before  proscribing,  so#  complete  proscribing  information  in  SKAf  literature  or  POP  The 
following  is  a  brief  summary 

Contraindications:  Comatose  or  greatly  depressed  stales  due  to  C  N  s  depresso'  h  bc'-e 
morrow  depression  pediatnc  surgery  use  in  children  under  2  years  ot  age  or  under  2’J  'bs  use 
in  children  tor  conditions  for  which  dosage  has  not  been  established 

Wbr  ningt  The  extrapyramidal  symptoms  which  can  occur  secondary  to  Compazine'  may 
be  confused  with  the  central  nervous  system  signs  of  an  undiagnosed  primary  disease 
responsible  for  the  vomiting,  e.g  ,  R eye's  syndrome  or  other  encephalopathy  The  use  of 
Compazine'  and  other  potential  hepatotoxins  should  be  avoided  in  children  and  adoles¬ 
cents  whose  signs  and  symptoms  suggest  Reye  s  syndrome 

Avoid  using  in  patients  hypersensitive  (e  g  blood  dyscras/as  or  jaundice )  to  any  pnenoth'azrne 
Cauticn  patients  about  activities  requiring  alertness  (e  g .  operating  vehicles  or  machinery; 
especially  during  the  first  tew  days  therapy  Prochlorperazine  may  intensity  or  prolong  !*-**  action 
of  other  C  N  S  depressants  May  cause  persistent  tardive  dyskinesia,  which  appears  to  be  irreversible 
in  some  patients 

Use  m  pregnancy  is  not  recommended  except  in  cases  so  senous  and  intractable  mat  in  tru- 
phySiaan  s  judgment  drug  intervention  is  required  and  potential  benefits  outweigh  possible 
hazards  Ihere  is  evidence  that  phenofhiazines  are  excreted  m  the  breast  milk  ot  nursing  mothers 
Precautions:  The  antiemetic  action  of  Compazine  may  mask  the  signs  and  sympioms  ot  over 
dosage  o*  other  drugs  and  may  obscure  the  diagnosis  ana  treatment  of  othe*  conditions  sucn 
as  intestinal  obstruction  brain  tumor  ond  Reye  s  syndrome  (See  WARNINGS]  Postoperative 
aspiration  ot  vormtus  has  occurred  in  a  few  surgical  patients  who  received  prochlorperazine  as 
an  antiemetic  When  used  concomitantly,  may  obscure  vomiting  as  a  Sign  of  toxic  ity  of  a  cancer 
chemotherapeutic  ogeni  Deep  sleep  ana  coma  hove  been  reported,  usually  with  overdosage 
Patients  with  a  history  of  long  term  therapy  with  Compazine  and  or  other  neuroleptics  should 
be  evaluated  periodically  tor  possible  adjustment  or  discontinuance  ot  drug  fheropy 
Neuroleptic  drugs  cause  elevated  prolactin  levels  that  persist  during  chronic  administration  Since 
approximately  one  third  of  human  breast  cancers  are  prolactin -dependent  <r>  vitro  this  e‘ evafion 
is  of  potential  importance  if  neuroleptic  drug  administration  is  contemplated  in  a  patient  with  a 
previously  detected  breast  cancer  Neither  clinical  nor  epidemiologic  studies  to  date  howe  vec 
have  shown  an  association  between  the  chronic  administration  ot  neuroleptic  drugs  and 
mammary  tumongenesis 

In  children  with  ocute  Illnesses  or  dehydration,  use  only  under  close  supervision  Avoid  high 
doses  and  parenteral  administration  when  cardiovascular  system  *  impaired  use  coutiousiv  in 
patients  with  glaucoma  Phe-  >olhiazmes  can  diminish  the  effect  ot  oral  anticoagulants  Pheno 
thiazines  can  produce  alpha  adrenergic  blockade  Concomitant  administration  of  aheno 
thiazmes  with  propranolol  results  m  increased  plasma  levels  o<  both  drugs  Phenoth.az>nes  may 
lower  the  convulsive  threshold,  dosage  adjustments  of  anticonvulsants  may  be  necessary 
Patients  should  not  receive  Compazine  48  hours  before  or  24  hours  after  myelography  witr  tr>e 
contras!  medium  metnzamide 

Compazine  Sqansu/e  capsules  and  tablets  nave  been  reformulated  to  remove  renew  *r. 
(tortrazme)  However,  until  the  transition  process  is  complete  some  lots  containing  f  D5  C  renew  #~ 
will  still  be  in  stock  FD&C  Vellow*  5  may  cause  allergic  type  reactions  (including  bro'icfial  asthma! 
■n  certain  susceptible  individuals  Although  the  overall  incidence  ot  sensitivity  the  general 
population  ts  low.  it  is  frequently  seen  in  patients  who  oiso  hove  aspirin  sensovtv  for  spent''. 
information,  contact  bmith  Kline  &french  Laboratories  (outside  Pa  caiiioii  free  i  8UU  V3  48  d*. 
ext  4262  m  Pa  call  collect  ?it>  /bl  4262 1 

Adverse  Reaction*:  Drowsiness  dizziness  amenorrhea  blurted  vision  skin  reactions  M4>jVnsK>r. 
Cholestatic  jaundice  leukopenia  agranulocytosis  fatty  changes  mihe  liver  have  been 
observed  in  a  few  patients  who  died  while  receiving  the  drug  fno  causa1  relationship  has 
established)  Neuromuscular  (extrapyramidal)  reactions  motor  restlessness  dystonias  pshu'J*. 
parvmsonism  persistent  fardive  dyskinesia  Contact  dermatitis  is  a  possib'i't.  win  inj#-  t.;jpie  t  .■*'  ■ 
Other  adverse  reactions  reported  with  Compazine  (prochlorperazine.  StOkf )  or  other 
phenothlazine*:  Some  adverse  effects  are  more  frequent  or  intense  m  specific  Jts<  >•'$  "  j 
severe  hypotension  in  mitral  insufficiency  or  pheochromoo/toma) 

Grand  mai  and  petit  mal  convulsions  altered  cerebrospinal  tlu'd  prote.ns  m^prai  edema 
prolongation  and  intensification  of  the  action  of  C  N  S  depressants  xjtr  .*>».♦-  ‘.eat  d'd  'gar-, 
phcispfiorus  insecticides,  dryness  of  mouth,  nasal  c  ongestion  heada< d<e  nausea  .  •■nstiivjti  -.r 
obstipatiori  adynamic  Ileus  mhibit.on  of  ejaculation  priapism  re< 3c: tivaK '  •  ■  •’  rsv-. '  ■  •**•  pf 
cesses  ectotonie  like  states  hypotension  (sometimes  fatal)  cardiac,  arrest  par . .  »i  )p»-*n  a  t»  rum 
bocytopenic  purpura  eosmophiliu.  hemolytic  anemia  apiastir  anemia  b'liary  stos'5  >o  t'j*n-c. 
galactorrhea  gynecomastia  menstrual  irregularities  false  positive  j weyr or ,  tests  pN  I  -set' 
sitivity  itching  erythema  urticaria  ec/emo  up  to  e*folK  jhve  dermatitis  asthma  laryi -yed’ edema 
angioneurotic  er Jen >a  unaphyluctoid  reactions  peripheral  edema  reversed  epinephrine  effect 
hyperpyrexia  mild  level  after  large  I M  doses  increased  appetite  m<  teased  weiyM  a  svstemu. 
lupus  erythematosus  like  syndronie  pignientary  retmosTathy  neuMcpti<.  n -Jig' k  )* 't  syn.ln  »m»* 
wfucn  may  be  fatal  with  protonyed  administration  ot  substantia!  doses  svm  pigr'#*i'tatio' . 
epithelial  keratopaff'y  and  lenticular  and  comeal  depjsits 

I c d.onyes have  t*?en reported  but  relationship  tom^x  orduji  damagt-  •,•*■!•  nt;rm.»  « 
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Foreword 


In  writing  a  preface  to  the  publication  of  the  manuscripts 
from  the  1985  UAEM/IRIEM  Research  Symposium,  which 
it  was  my  pleasure  to  chair,  1  have  decided  to  share  a  reflection 
on  the  nature  and  role  of  science  in  emergency  medicine. 

In  science,  we  attempt  to  grasp  at  the  nature  of  reality  with 
observations.  What  we  may  easily  miss  is  that,  while  our 
observations  are  existentially  certain  (we  saw  what  we  saw), 
our  grasp  on  the  nature  of  the  reality  reflected  in  the  observa¬ 
tion  (the  hypothesis!  is  forever  radically  uncertain.  The  fact 
that  something  has  happened  is  clear;  exactly  what  it  is  that 
happened  is  not. 

Thus  in  science  one  is  continuously  engaged  in  the  dialectic 
described  by  Hegel: 

1.  It  is  like  so  (A); 

2.  It  is  not  like  so  (not  A); 

3.  Ah  -  so  (like  B). 

And  Ah  -  so  becomes  the  first  impression  of  a  new  series. 
Scientists  are  engaged  in  a  conversation  with  and  about  reality 
in  which  the  current  understanding  is  always  surpassed. 

Understanding  this  is  critical  to  growth;  we  must  become 
personally  comfortable  with  radical  uncertainty  about  the 
nature  of  reality.  In  other  words,  we'll  all  get  it  wrong.  A  good 
hypothesis  accounts  for  several  diverse  observations,  and  is 
amenable  to  further  testing.  We  can  never  prove  the  hypoth¬ 
esis;  rather,  we  design  tests  of  the  hypothesis  (ideas  about  the 
nature  of  reality)  which  give  us  the  opportunity  to  make  new 
observations  that  might  falsify  the  hypothesis.  Good  scien¬ 
tific  design,  then,  is  aimed  at  the  possibility  of  being  able  to 
say,  "It  is  not  like  so." 

History  is  helpful  in  understanding  this.  The  dark  ages 
come  when  we  assert  that  our  grasp  on  reality  is  certain  and 
right,  and  when  we  enforce  that  assertion  by  structural  or 
legal  means.  Enlightenment  occurs  when  we  admit  our  radi¬ 


cal  uncertainty.  Advancement  comes  when  we  can  freely  say, 
"It  is  not  like  so.  Ah  -  so,  "as  did  Copernicus,  Galileo,  Newton, 
Kepler,  Pasteur,  Lister,  Miehelsonand  Morley,  Einstein,  Freud, 
Schredinger,  Watson  and  Crick,  Rung,  and  many  others. 

What  you  will  read  in  the  following  pages  is  not  likely  to 
provide  ready,  practical  formulas  (protocols)  to  solve  our  prob¬ 
lems,  nor  is  this  conversation  with  and  about  reality  con¬ 
cerned  with  any  petty  socioeconomic-political  agenda. 
Rather,  here  is  a  discussion  about  the  reality  we  engage  when 
we  try  to  resuscitate  patients.  Here  is  the  driving  conceptual 
process  by  which  the  future  of  emergency  medicine  will  be 
formed  and  ensured. 

Specifically  in  these  terms,  I  especially  want  to  thank  the 
participants  for  their  commitment  to  the  study  of  resuscita¬ 
tion  issues.  I  have  learned  from  and  admired  each  of  them. 
The  leaders  of  UAEM  and  IRIEM  deserve  our  thanks  for  their 
support.  The  US  Army  Medical  Research  and  Development 
Command,  in  the  person  of  Colonel  Tom  Camp,  MD,  sup¬ 
ported  this  symposium  with  a  grant  which  made  it  all  possi¬ 
ble,  and  we  are  grateful. 

I  also  want  to  thank  Annals  of  Emergency  Medicine  for 
providing  prompt  publication.  Editor  Ronald  Krome,  MD,  and 
Managing  Editor  Nancy  Perkin  have  been  tremendous  and 
gracious  in  their  assistance. 

We  invite  you  to  read,  enjoy,  and  ponder  this  conversation 
with,  and  about,  the  nature  of  the  reality  underlying  the  work 
and  future  of  emergency  medicine  in  resuscitation. 


Maine  C  White.  Ml) 

Special  Issue  Editor 

Associate  Professor,  Emergency  Medicine 

Michigan  State  University  College  of  Human  Medicine 

East  Lansing.  Michigan 
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It  is  fascinating  that  shock,  considered  at  one  time  to  have 
been  "researched  out,"  is  now  fully  resuscitated  as  a  field  of 
study.  It  would  seem  that  not  all  the  questions  have  been 
answered;  more  importantly,  neither  have  all  the  questions 
been  raised. 

I  would  guess  that  the  new  (or  rather,  the  continuing)  inter¬ 
est  in  cerebral  and  cardiac  resuscitation  has  generated  new 
interest  in  this  older  topic.  Early  investigations  examined  a 
wide  variety  of  possible  therapeutic  avenues,  without  a  com¬ 
plete  understanding  of  the  pathophysiology  of  the  problem. 
As  bits  and  pieces  of  the  shock  puzzle  fell  into  place,  some 
therapies  were  replaced  by  others  that  were  considered  newer 
or  more  contemporary.  But  all  the  data  are  never  in,  and 
investigations  into  the  field  are  now  entering  into  a  new  phase 
at  the  cellular  level. 

The  UAEM/IRIEM  panel  that  dealt  with  shock  represented 
a  variety  of  investigators  examining  shock  at  both  the  clinical 
level  and  the  cellular  level.  Their  papers,  which  are  here 
available  for  scrutiny,  will  likely  open  new  vistas  of  research. 
Clinicians  and  investigators  should  profit  from  their  work 
while  maintaining  a  historical  perspective  on  the  problem. 

A  cursory  review  of  the  past  20  years  of  shock  research 
suggests  that  we  have  gone  from  every  shock  patient  getting 
vasopressors  to  every  shock  patient  getting  crystalloids  or 
colloids,  depending  on  which  school  you  believe  in.  Now  we 
are  tailoring  therapy  to  the  patient's  problem,  as  best  identi¬ 
fied  in  the  clinical  picture.  We  have  gone  from  no  hemo¬ 
dynamic  monitoring  to  monitoring  all  hemodynamic  param¬ 
eters,  with  catheters  inserted  into  both  natural  and  unnatural 
openings.  Blood  gas  studies,  which  were  virtually  nonexistent 
ten  to  20  years  ago,  are  now  a  standard  of  care  in  virtually  ail 
emergency  departments  and  intensive  care  units. 

Dr  Robert  Wilson,  who  has  done  work  in  this  area  for  a  long 
time,  has  very  nicely  reviewed  the  clinical  problems  related  to 
shock,  and  has  summarized  the  current  clinical  status  of 
monitoring  and  therapy.  He  has  stressed  for  us  the  high  mor¬ 
tality  associated  with  this  syndrome,  a  mortality  that  has 
improved  only  slightly.  Most  improvement  has  been  in  the 
area  of  hypovolemic  and  hemorrhagic  shock  related  to  trau¬ 
ma.  There  can  be  little  doubt  that  the  best  treatment  is  pre¬ 
vention,  with  the  limitation  of  blood  loss  by  early  surgical 
intervention.  Rapid  fluid  repletion  while  controlling  con¬ 
tinued  blood  loss  still  would  appear  to  be  the  best  therapy. 

Although  naloxone  may  hold  some  future  promise,  its  val¬ 
ue  in  hypovolemia  during  shock  but  prior  to  arrest  has  not 


been  fully  elucidated.  Naloxone  (and  perhaps  other  opioids) 
may  play  a  role  in  the  improvement  of  the  patient's  hemo¬ 
dynamic  state  in  a  variety  of  shock  states.  Dr  Bemton's  paper 
examines  these  findings,  and  provides  a  nice  review  and  stim¬ 
ulus  for  future  study.  We  are  perhaps  just  beginning  to  break 
ground  in  this  arena. 

Perhaps  the  area  of  study  that  offers  the  most  challenge  and 
opportunity  for  new  therapeutic  avenues  is  elemental-cellular 
study.  The  role  of  calcium,  which  has  received  a  great  deal  of 
attention  recently,  was  discussed  by  the  panel  and  is  presented 
here.  It  seems,  as  Dr  Wilson  points  out,  that  shock  is  a  cellular 
disease,  and  thus  it  requires  cellular  therapy  (ie,  therapy 
should  be  directed  to  improving  the  function  of  the  cells). 
Although  blood  flow  and  oxygenation  are  important  elements 
of  cellular  function,  the  ability  of  the  cells  to  perform  cellular 
energy  function  also  may  depend  on  a  variety  of  so-called 
“trace"  elements.  Among  those  now  being  studied  are  cal¬ 
cium,  magnesium,  and  iron. 

Unlike  Mr  Spock  of  "Star  Trek"  fame,  whose  metabolism 
was  based  on  copper  (in  addition  to  having  his  heart  on  the 
wrong  side),  ours  would  appear  to  be  not  only  carbon-based, 
but  iron-based.  Who  knows  what  changes  in  iron  cellular 
metabolism  occur  as  a  result  of  impaired  oxygenation  at  the 
cellular  level;  Can  it  be  reversed? 

The  pulmonary  effects  of  shock  and  its  sequelae  are  out¬ 
lined  in  Dr  Ward's  paper  on  adult  respiratory  distress  syn¬ 
drome.  The  pleomorphic  effects  of  shock  do  not  appear  to  be 
targeted  at  a  specific  organ,  but  rather  they  seem  to  involve  a 
variety  of  organ  systems.  These  include  not  only  the  lungs, 
but  also  the  kidneys,  heart,  and  brain.  This  is  a  fact  that  should 
surprise  no  one,  for  recent  and  past  studies  have  all  supported 
the  cellular  nature  of  this  entity. 

The  past  ten  years  in  shock  research  have  taken  us  from 
knowledge  that  all  the  significant  questions  were  answered  to 
wonder  at  the  cellular  basis  of  all  life,  including  the  home¬ 
ostasis  of  the  organism.  The  new  frontiers  of  research  seem  to 
include  cellular  energy  and  cellular  life,  with  the  so-called 
"trace"  elements  perhaps  playing  a  dominant  role  in  injury 
and  resuscitation  of  the  entire  organism. 


Ronald  L  Krome.  Ml) 

Chid,  Department  of  Emergency  Medicine 
William  Beaumont  Hospital 
Koval  Oak.  Michigan 
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Science  and  Shock:  A  Clinical  Perspective 


/ Wilson  RF:  Science  and  shock:  A  clinical  perspective.  Ann  Emcrg  Med  Au¬ 
gust  1985:14:714-723.1 


Blood  Pressure 

Systolic,  Pulse  &'>  Diastolic  Pressures 

The  arterial  blood  pressure  is  evaluated  in  three  parts:  diastolic  pressure, 
which  correlates  with  the  amount  of  arteriolar  vasoconstriction  present, 
pulse  pressure  (the  difference  between  the  systolic  and  the  diastolic  pres¬ 
sures),  which  is  primarily  related  to  stroke  volume  and  to  the  rigidity  of  the 
aorta  and  its  larger  branches;  and  systolic  pressure,  which  is  determined  hv  a 
combination  of  all  these  factors.  Of  the  three,  pulse  pressure  is  the  most 
important  because  it  provides  some  indication  as  to  whether  blood  flow  is 
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INTRODUCTION 

Shock  that  is  not  readily  reversed  with  fluid  administration  may  he  associ¬ 
ated  with  mortality  rates  as  high  as  70%  to  90%.  Early  diagnosis  and  rapid, 
aggressive  therapy  offer  the  best  chance  for  success  in  these  critically  ill  pa¬ 
tients.  Physicians  working  in  emergency  departments  are  at  a  particular  dis¬ 
advantage  in  that  they  must  often  make  a  diagnosis  and  begin  therapy  with 
little  or  no  baseline  data  or  clinical  information. 

Shock  generally  is  associated  with  inadequate  tissue  perfusion;  however, 
many  patients  with  shock  who  are  in  early  sepsis'  -l  and  some  who  have 
acute  myocardial  infarction  ’  4  do  not  have  the  cold  clammy  skin  and  exces¬ 
sive  vasoconstriction  characteristic  of  low  cardiac  output  and  poor  perfusion. 

Cardiac  output  measured  in  patients  in  early  septic  shock  is  often  found  to 
be  normal  or  increased,  and  the  total  peripheral  vascular  resistance  is  usually 
quite  low.1  The  skin,  as  might  be  expected  in  such  a  hemodynamic  situation, 
tends  to  he  warm  and  dry,  and  this  type  of  shock  has  been  referred  to  as 
warm  or  hyperdynamic  septic  shock.  On  the  other  hand,  some  of  these  sep¬ 
tic  patients  will  go  on  to  develop  a  low  cardiac  output,  excessive  vasocon¬ 
striction,  and  cold,  clammy  skin.  When  hypovolemia  is  corrected  in  this 
hypodynamic  group,  the  cardiac  output  may  rise  relatively  rapidly  to  normal 
or  hyperdynamic  levels. 

Thus  shock  might  best  be  defined  as  a  severe  pathophysiologic  abnormali¬ 
ty  with  abnormal  cellular  metabolism  which  is  usually  due  to  poor  tissue 
perfusion,  but  may  also  be  caused  by  such  other  factors  as  sepsis.  The  con¬ 
ceptualization  of  shock  in  biochemical  terms  has  the  advantage  of  dc-empha- 
sizing  the  cardiovascular  changes.  These  may  not  be  clinically  apparent  until 
relatively  late.  Stressing  biochemical  changes  that  tend  to  occur  much  earlier 
forces  closer  scrutiny  of  the  patient. 
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DIAGNOSIS 

The  criteria  most  frequently  used  to  diagnose  shock  clinically  are  the  fol¬ 
lowing:  II  a  systolic  blood  pressure  of  less  than  HO  or  90  mm  Hg,  2)  severe 
oliguria,  3\  metabolic  acidosis,  and  4)  evidence  of  poor  tissue  perfusion  (cold, 
clammy  skin  or  clouded  sensoriuml.  Unfortunately  these  signs  are  often  not 
detectable  until  relatively  late,  particularly  it  the  patient  is  septic,  if  the  diag¬ 
nosis  of  shock  is  delayed  until  all  or  most  of  these  signs  are  present,  the 
chances  for  a  successful  outcome  are  greatly  reduced,  particularly  in  septic 
patients. 
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increasing  or  decreasing.  Although 
cardiac  output  and  stroke  volume 
tend  to  decrease  with  advancing  age, 
pulse  pressure  tends  to  rise  in  the  el¬ 
derly  because  of  increasing  rigidity  of 
the  aorta  and  its  larger  branches. 
Stroke  volume  and  pulse  pressure  cor- 
relate  poorly  when  large  groups  of  pa¬ 
tients  are  analyzed;  in  an  individual 
patient,  however,  changes  in  pulse 
pressure  often  correlate  well  with 
changes  in  stroke  volume.  For  exam¬ 
ple,  if  a  patient's  hlood  pressure 
changes  from  120/80  to  120/HX)  mm 
Hg,  the  stroke  volume  may  have  de¬ 
creased  hy  as  much  as  SO"',,. 


Pressure  Changes  with  Hemorrhage 

In  hypovolemic  shock,  major  de¬ 
creases  in  stroke  volume  (and  hence 
pulse  pressure!  often  occur  long  before 
there  is  any  significant  fall  in  the  sys¬ 
tolic  pressure.  Diastolic  pressure  gen¬ 
erally  rises  initially  with  hemorrhage. 
This  is  caused  hy  increased  sym¬ 
pathoadrenal  stimulation. ’  Conse¬ 
quently,  even  though  stroke  volume 
and  pulse  pressure  decrease,  systolic 
pressure  may  he  relatively  well  main¬ 
tained.  Because  the  potential  for  vaso¬ 
constriction  is  limited,  continued 
blood  loss  will  eventually  result  in  a 
significant  decrease  in  both  systolic 
and  diastolic  pressures. 

In  previously  normal  patients,  sys¬ 
tolic  pressure  is  often  maintained  rel 
atively  well  until  a  blood  volume  def¬ 
icit  of  at  least  15%  to  25%  has 
developed  "  Thus,  m  the  average  7()-kg 
man  with  a  normal  hlood  volume  of 
5, (XX)  mL,  a  rapid  blood  loss  of  5(H)  to 
I, (XX)  mL  may  cause  some  decrease  in 
pulse  pressure  Systolic  pressure  often 
does  not  tall  significantly  until  more 
than  l,5(X)  to  2, (XX)  mL  of  hlood  have 
been  lost  and  the  blood  volume  deficit 
exceeds  25%.  T  hus,  it  a  patient  who  is 
hypotensive  from  hypovolemia  is 
given  Hist  enough  fluid  to  restore  his 
systolic  blood  pressure  to  relatively 
normal  values,  he  piohably  still  has  a 
blood  volume  deficit  of  at  least  1,(X)() 
mL  I)  the  hypotension  has  been  pres 
cut  tor  more  than  50  minutes,  the  pa¬ 
tient  probably  also  has  a  much  greater 
interstitial  fluid  deficit  It  this  fluid  is 
not  adequately  replaced,  tissue  perfu¬ 
sion  will  be  reduced,  and  severe  hypo¬ 
tension  may  reappear  rapidly  it  there 
is  even  mild  additional  fluid  or  blood 
loss 

In  the  great  maturity  of  patients 
with  an  unobtainable  cuff  blood  pres¬ 
sure,  systolic  blood  pressure  is  ex¬ 


tremely  low,  often  less  than  50  mm 
Hg;  in  the  remaining  5%  to  10%,  in¬ 
traarterial  pressure  may  be  relatively 
normal  or  even  high. 


Intraarterial  Blood  Pressure 

If  any  difficulty  is  encountered  in 
obtaining  a  consistent  and  clear  cuff 
blood  pressure,  and  if  the  patient's 
condition  does  not  improve  rapidly 
with  therapy,  an  intraarterial  catheter 
should  he  inserted. 

Although  the  mean  pressure  ob¬ 
tained  with  a  radial  artery  catheter 
usually  correlates  rather  well  with  the 
central  aortic  pressure,  the  pulse  pres¬ 
sure  and  systolic  blood  pressure  ob¬ 
tained  with  a  radial  artery  line  is  often 
more  than  10  to  20  mm  Hg  higher 
than  central  aortic  blood  pressure. 
Thus  cuff  hlood  pressure  often  corre¬ 
lates  better  with  central  arterial  blood 
pressure  than  does  a  radial  artery 
blood  pressure.  Consequently  there  is 
increasing  use  of  catheter  insertion 
into  more  proximal  arteries,  such  as 
the  axillary  artery  (using  the  Seldingcr 
technique),  or  the  aorta  itself  to  obtain 
more  accurate  measurements. 


Urine  Output 

Correlation  with  Cardiac  Output 
The  timed  urine  output  (without  di¬ 
uretics)  often  correlates  well  with  the 
renal  hlood  flow,  which  in  turn  is  de¬ 
pendent  on  cardiac  output.  With  any 
decrease  in  renal  blood  flow  or  pres¬ 
sure,  the  renal  arterioles  constrict, 
thereby  reducing  glomerular  blood 
flow.  In  addition,  renal  blood  flow  dur¬ 
ing  hypovolemia  tends  to  shift  from 
the  outer  renal  cortex  to  the  juxta- 
medullary  portions  of  the  kidney,  ’ 
where  the  glomeruli  are  fewer  in  num¬ 
ber  and  have  longer  loops  of  Henle. 
This  shift  in  renal  blood  flow  results 
m  an  increased  absorption  of  sodium 
and  water. 


Urine  Sodium  and  Osmolarity 

In  patients  who  become  hypo 
volemic  and  have  a  reduced  renal  per 
fusion,  the  urine  sodium  concentra¬ 
tion  may  tall  and  the  urine  osmolarity 
rise  significantly  before  there  is  a  de¬ 
crease  m  urine  output 7  II  the  urine 
sodium  falls  rapidly  or  is  less  than  10 
to  20  mtq/L,  the  kidneys  are  usually 
functioning  relatively  well  but  are  not 
being  satisfactorily  perfused. 


Acid-Base  Changes 

Respiratory  Alkalosis 

Tile  classic  acid-base  abnormality  in 
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established  shock  is  metabolic  acid¬ 
osis.  It  is  now  recognized,  however, 
that  early  shock  is  characterized  by 
respiratory  alkalosis,  particularly  it 
sepsis  is  present  The  respiratory  al 
kalosis  is  generally  not  a  compensato¬ 
ry  mechanism  tor  acidosis  or  hypoxia, 
it  is  a  nonspecific  response  It  the 
PCX),  is  driven  below  25  mm  Hg,  this 
severe  hypocapnia  may  in  itself  cause 
hemodynamic  impairment,  especially 
reduction  of  cerebral  blood  flow. 


Metabolic  Acidosis 

As  shock  progresses,  anerobic  me¬ 
tabolism  results  m  lactate  accumula¬ 
tion  and  development  of  metabolic 
acidosis.  Blood  lactate  determinations 
may  be  very  helpful  as  an  indicator  of 
the  patient's  progress  and  prognosis." 

In  the  early  phases  of  the  metabolic 
acidosis,  the  acid-base  abnormality 
can  often  be  corrected  simply  by  im¬ 
proving  tissue  perfusion.  Later,  how¬ 
ever,  correction  by  administration  of 
sodium  bicarbonate  may  be  necessary, 
particularly  it  the  arterial  pH  falls  be¬ 
low  7.10. 


Combined  Metabolic  e’  Respiratory 
Acidosis 

In  the  final  stages  of  shock,  blood 
gas  analyses  typically  show  an  ele¬ 
vated  PCX),,  a  low  HCX),  ,  and  a  very 
low  pH.  If  a  combined  metabolic  and 
respiratory  acidosis  is  allowed  to  de¬ 
velop,  the  prognosis  tor  ultimate  sur¬ 
vival  is  extremely  poor, 1,1  even  if  the 
pH  can  be  restored  to  normal  with 
various  drugs,  such  as  Tris  buffer. 1 1 


Tissue  Perfusion 

Stroke  Volume  e’  Pulse  Pressure 

As  mentioned  previously,  one  can 
follow  changes  m  stroke  volume  by- 
observing  the  changes  in  pulse  pres¬ 
sure  and  by  noting  the  ease  with 
which  the  peripheral  pulses  can  be 
palpated  In  an  individual  patient, 
changes  in  pulse  pressure  often  reflect 
changes  in  the  stroke  volume  tela 
tively  well,  and  are  thus  a  much  better 
indication  of  blood  flow  than  is  sys 
tolic  prcssuic,  particularly  in  early 
shock 


Skin  Changes 

Cold  and  clammv  skin  all  ovei 
body  generally  indicates  that  the 
tic-lit  has  a  low  cardiac  output  an 
high  total  pel ipher.il  vuscul.ii 
sistance  second.u  v  to  intense  s\ 
pathoadren.il  stimulation 
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Mentation 

A  clouded  sensorium  and  increasing 
lethargy  can  usually  be  considered  as 
signs  of  poor  tissue  perfusion,  and  not 
infrequently  these  are  the  first  indica¬ 
tion  that  a  patient  is  becoming  septic 
In  contrast,  an  alert,  interested  indi¬ 
vidual  can  be  assumed  to  have  good 
cerebral  perfusion.  Our  experience  is 
that  such  an  individual  is  much  more 
likely  to  survive,  even  though  his  lab¬ 
oratory  values  may  be  quite  abnormal. 

AV  Oxygen  Differences 

If  the  AV  oxygen  difference  is  less 
than  2.0  vol%,  cardiac  output  is  usu¬ 
ally  greater  than  normal  (probably 
above  4  S  L/min/m-’l.  Even  without 
calculating  the  AV  differences  in  >xy- 
gen  content,  one  can  determine  it  the 
cardiac  output  is  rising  or  falling  by 
watching  the  changes  in  the  mixed 
venous  oxygen  saturation  or  1*0, 

Although  pulmonary  arterial  blood 
is  preferable  to  CVP  blood  tor  estimat¬ 
ing  cardiac  output  from  AV  oxygen 
differences,  we  have  found  little  dif¬ 
ference  between  the  two  unless  the 
cardiac  output  is  very  high  or  very 
low. 

TREATMENT 

Correction  of  Primary  Process 

Although  one  may  have  to  begin 
treatment  of  shock  without  knowing 
its  initial  cause,  a  strong  effort  should 
always  he  made  to  establish  an  accu¬ 
rate  etiologic  diagnosis  as  soon  as  pos¬ 
sible  Bleeding  and  sepsis  must  he 
controlled  rapidly  it  resuscitation  is  to 
he  successful. 

It  the  administration  of  2,(HK)  mL  ot 
a  balanced  electrolyte  in  Is  minutes 
to  a  trauma  victim  does  not  restore 
the  HI’  to  at  least  1(H)  mm  Hg,  the  pa¬ 
tient  is  usually  bleeding  rapidly  some¬ 
where.  It  the  source  is  not  apparent 
|eg,  multiple  fractures),  the  I  ike  I  v 
source  is  the  abdomen  and  urgent  sur¬ 
gery  should  he  considered 

Septic  foci  such  as  abscesses  must 
be  eliminated  as  rapidlv  as  possible 
Surgery  is  much  more  important  than 
antibiotics  Ihe  most  trequent  cause 
ot  death  from  sepsis  is  failure  to  dram 
a  septic  focus  before  severe  vital  organ 
damage  has  occurred  11  In  some  in 
stances  these  paoents  niav  seem  too 
sick  to  tolerate  am  surgerv,  hovvevvi. 
we  believe  that  such  patients  are  usu 
ally  "too  sick  not  to  have  surgerv 
After  an  expeditious,  aggressive  effort 
to  optimize  their  condition,  such  pa 
tietlts  should  lx-  taken  to  surgerv  on 
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an  emergency  basis. 

The  importance  of  the  patient's  pre¬ 
shock  condition  must  also  be  empha¬ 
sized.  McCabe  and  lackson1*  classi¬ 
fied  underlying  diseases  associated 
with  sepsis  as  rapidly  fatal,  ultimately 
fatal,  and  nonfatal.  Fried  and  Vosti1* 
applied  this  classification  to  270  pa¬ 
tients  with  gram-negative  bacteremia, 
of  whom  24%  had  shock.  For  diseases 
that  were  "rapidly  fatal,"  such  as  acute 
leukemia,  postnecrotic  cirrhosis,  and 
bacterial  endocarditis,  the  mortality 
was  86%.  In  the  "ultimately  fatal” 
group,  with  diseases  such  as  lympho¬ 
ma  and  various  other  malignancies, 
the  mortality  was  46%.  In  the  "non¬ 
fatal"  category,  which  included  pa¬ 
tients  with  nonmalignant  disease  ot 
the  urinary  and  gastrointestinal  tracts 
and  septic  abortion,  the  mortality  rate 
was  only  16% . 

Resuscitation  Efforts 
Ventilation 

In  any  critically  ill  or  miured  pa¬ 
tient,  the  first  priority  ot  resuscitation 
is  to  ensure  a  patent  airway  and  ade¬ 
quate  ventilation.  Adequate  ventila¬ 
tion  in  the  patient  who  has  shock  or 
sepsis  is  usually  at  least  one-and-one- 
half  to  two  times  normal.1'* 1 ' 

In  our  studies  of  patients  admitted 
with  thoracic  trauma,  shock  by  itself 
on  admission  was  associated  with  an 
eventual  mortality  of  about  7"„ .  II 
shock  was  present  with  acute  respira¬ 
tory  distress  requiring  ventilatory 
assistance,  the  mortality  rate  was 
69%.  i- 

The  importance  of  ventilatory  as¬ 
sistance  in  shock,  particularly  it  in 
creased  respiratorv  effort  is  required, 
was  shown  In  Aubicr  et  al1*’  in  experi¬ 
mental  cardiogenic  shock  in  dogs 
Spontaneously  Ventilating  animals  de¬ 
veloped  higher  lactic  acid  levels  and 
bad  lower  survival  rates  than  did  sun 
ilar  dogs  given  ventilatorv  assistance 

Some  ot  the  mole  trequent  indica 
tions  for  ventilatorv  assistance  tot  pa¬ 
tients  ill  shock  include 

P  minute  ventilation  less  than  6  to 
s  I  min.  7'  tidal  volume  less  than  -1 
ml  kg,  6  vital  capacity  less  than  10 
nil  kg,  4'  Put  l),  gieutci  than  IS  mm 
Hg  if  a  metabolic  acidosis  is  present 
ot  Pat  ti,  greater  than  SO  nun  Hg  it 
hu aihnnatc  levels  are  normal  and  V 
Pat  1 ,  less  than  Ml  nun  I  Ig  on  10"..  1 1 . 
ot  a  Pal),  less  than  .’00  mm  Hg  on 
100",,  l), 

Patients  ni  shock  should  lx-  given 
enough  oxygen  dining  l lie-  initial  it 
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suscitation  to  maintain  an  arterial 
I’O,  ot  at  least  80  to  KM)  mill  Hg.  Al¬ 
kalosis  during  sepsis  also  adversely  af¬ 
fects  oxygen  unloading  at  the  tissues 
Sepsis  reduces  2,2 -1  )P(d,  ’ 1  and  a 
higher  hemoglobin  may  be  needed  to 
provide  adequate  O,  availability.  Alka¬ 
losis  should  also  be  corrected  because 
each  0.1  increase  in  pH  reduces  O, 
availability  to  tissue  by  about  10",..’-' 

Fluids 

By  tar  the  most  effective  initial 
treatment  tor  virtually  all  types  of 
shock,  particularly  following  trauma 
or  surgery,  is  early  and  aggressive  ad¬ 
ministration  ot  fluid  until  cardiac  fill¬ 
ing  is  optimal  It  is  important  that 
two  —  or,  preferably,  three  — ■  large  IV 
catheters  be  inserted  and  fluid  admin¬ 
istration  be  so  rapid  that  hypotension 
from  hypovolemia  is  corrected  within 
IS  to  20  minutes.  It  shock  is  corrected 
within  Is  to  10  minutes  in  patients 
who  require  massive  transfusions,  the 
mortality  rate  is  only  1P\..-M  It  the  pa¬ 
tient  has  an  underlying  disease  and 
shock  persists  tor  more  than  20  min¬ 
utes,  our  mortality  rate  with  massive 
transfusions  exceeds  VO",,. 

/V/icv  ot  Fluids.  In  severe  hypo¬ 
volemic  shock,  volume  replacement  is 
begun  with  2L  ot  halaneed  electrolyte 
solution  given  over  Is  to  V)  minutes 
Ringer's  lactate  is  quite  adequate.  The 
lactate  in  the  fluid  is  seldom  a  prob¬ 
lem  The  dextro-lactate  is  excreted  in 
the  urine  and  the  levo-laetate  is  me¬ 
tabolized  to  bicarbonate  by  the  liver 
Normal  saline  is  also  adequate,  but 
lias  the  theoretical  problem  of  a  rela¬ 
tive  excess  of  chloride,  which  can  con¬ 
tribute  to  acidosis 

There  lias  been  much  controversy 
on  the  relative  benefits  of  colloids  dur¬ 
ing  tile  initial  resuscitation  from  trau¬ 
ma  No  study  so  far  lias  answered  the 
questions  Lucas  et  al  however,  found 
that  the  use  ot  large  amounts  of  <// 
huuiin  during  the  fust  three  to  five 
davs  m  an  attempt  to  maintain  not 
mul  plasma  albumin  levels  signiti 
cantlv  dccicascd  fibrinogen  cloning 
|K'l  activity  and  increased  piotluoin 
bin  times  PI-  and  paiual  thrum 
boplastm  tunes  |PI  I1  I  he  gtcatei  the 
abr.oiin.ilities  m  It  PI  and  IM  I  the 
glcatci  the  need  foi  post  opci  at  I V  e 
tianstiisions  '•  Mine  uxcntlv  they 
have  n  ported  that  icduced  eoagula 
lum  .uiivitv  altci  albumin  supple 
mentation  toi  shock  is  paitiallv  due  to 
dec  leased  le  ve  ls  ,,|  coagulation  pio 
It  Ills 
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Some  investigators,  however,  have 
continued  to  support  the  use  ot  al¬ 
bumin  in  resuscitation  Hauser  and 
Shoemaker  reported,  m  a  tightly  con¬ 
trolled  crossover  clinical  study,  that 
resuscitation  with  2S"„  albumin  was 
preferable  to  Ringer  s  lactate  -’*■  Al¬ 
though  albumin  is  expensive,  the  au¬ 
thors  pointed  out  that  prompt  volume 
expansion  may  reduce  1CU  time  and 
"the  cost  ot  a  single  day  in  the  inten¬ 
sive  care  unit  is  equivalent  to  that  ot 
20  to  40  units  ot  albumin" 

Low-molecular-weight  dextrun  has 
been  used  successtully  tor  resuscita¬ 
tion  by  many  investigators  This  agent 
can  rapidly  expand  blood  volume  and 
mav  greatly  improve  microcirculatorv 
blood  How"  There  is  some  concern, 
however,  that  it  can  occasionallv 
cause  anaphylactoid  reactions  and 
may  increase  bleeding  trom  large  raw 
surfaces, 

llvilrnxwtln  I  s lurch  llllXi  has  re¬ 
ceived  increasing  attention.  HLS  is  a 
ft".,  iisooncoticl  solution  in  0.9"., 
Nat  l.  In  one  clinical  study,  FTES  suc¬ 
cesstully  expanded  blood  volume,  but 
significantly  increased  partial  throm¬ 
boplastin  time  m  64".,  ot  patients, 
and  prolonged  prothrombin  time  in 
2S",,  There  was,  however,  no 
clinical  evidence  ot  any  hemorrhagic 
tendencies.  Several  clinical  studies 
since  then  have  indicated  that  HES  is 
as  effective  as  albumin  tor  expanding 
blood  volume,  and  it  is  much  less  ex¬ 
pensive.  111 

In  the  past,  it  was  thought  that  a  he¬ 
moglobin  level  ot  about  10.0  g/dL  was 
optimal,  but  we  have  found  that  criti¬ 
cal  I  v  ill  patients  with  higher  hemo¬ 
globin  levels,  in  the  range  ot  12. S  to 
140  g",, ,  tend  to  maintain  a  better  in¬ 
travascular  volume,  have  a  lower  inci¬ 
dence  ot  respiratorv  failure,  and  are 
more  likclv  to  survive  11  Although 
Shah  et  al 1 '  found  that  blond  transfu¬ 
sions  dnl  not  increase  oxvgcn  trails 
port  or  venous  PO,  their  patients’ 
rates  of  oxvgen  consumptions  were  al 
rc.uk  much  greater  than  normal  Our 
own  studies  have  shown  that  patients 
with  a  reduced  oxvgen  consumption 
will  increase  their  oxygen  consump 
'ion  hv  about  N"„  with  each  unit  of 
packed  red  cells  administered 

Inc reasmg  quantities  ot  /..ml,  blond 
arc  given  as  packed  red  blood  cells 
fhis  obviously  provides  increased 
plasma  and  otliei  factors  tor  blood 
banks  to  process  tor  component  tiler 
ape  I  lie  pat  nut  ti.msluscd  onl\  with 
packed  red  cells  however  mac  suttci 


trom  an  inadequate  restoration  ot  the 
plasma  lost  by  hemorrhage 

In  one  study,  dogs  suhicctcd  to  a 
controlled  blood  loss  equal  to  S",,  ot 
their  body  weight  exhibited  sigmti 
cant  depression  in  serum  protein, 
complement  factor  CT  IgC.  and  total 
opsonic  activity  when  resuscitated 
with  packed  red  cells  in  saline  11  In 
clogs  resuscitated  with  whole  blood 
no  such  depression  in  serum  compo 
nents  or  activity  was  observed  Idcullv 
tresh  whole  blood  would  be  available 
tor  bleeding  patients  who  require 
more  than  tour  to  six  units  ot  blood 
One  ot  the  mam  problems  with 
massive  transfusions  is  the  increased 
bleeding  associated  w  ith  what  can  he 
rather  severe  thrombocytopenia  Hai 
rigan  et  al"  found  that  massive  trails 
fusions  were  associated  with  de¬ 
creased  platelet  counts  and  aggregabil 
1 1 v  tor  the  first  tour  postoperative 
days.  This  was  thought  to  lx-  due  to 
platelet  indication  and  delayed  mega 
karvocvtc  response  In  addition,  they 
found  a  rise  m  betathroniboglobiilm 
ICO  and  platelet  factor  4  d’F4l  ill  the 
early  postoperative  period  This  pre¬ 
sumably  indicates  an  ongoing  platelet 
release  reaction  which  may  improve 
primary  hemostasis  because  IVTC  is  a 
PCI,  inhibitor  and  TE4  is  an  anti- 
heparm  agent  Massive  autot ranstu- 
sion  may  also  be  associated  with 
platelet  abnormalities  ‘ - 

Dctcrminiitinn  nt  blind  Meeds.  It 
the  patient  in  severe  shock  does  not 
respond  promptly  to  standard  fluid 
therapy,  and  the  extent  ot  the  patient’s 
continued  fluid  needs  are  not  obvious 
clinically  an  effort  should  he  made  to 
insert  a  central  venous  pressure  |CVI’I 
and  or  a  pulmonary  artery  wedge  pres¬ 
sure  \PAWPI  catheter  to  measure  till 
ing  pressure  changes  in  the  right  and 
left  heart,  respectively 

Isolated  (V /'  levels  have  relatively 
little  physiologic  significance  but  tile 
response  ot  the  V AT  to  a  fluid  dial 
lenge  can  be  cxticmelv  important 
I  lie  usual  fluid  challenge  is  t  mL  kg 
ol  a  balanced  electiokte  given  ovei 
ten  minutes  while  iiionitoimg  the 
t  VI’  constantly 

It  pulse  pressure  uses  and  there  is 
little  or  no  rise  in  the  l  VI’  turthci 
fluid  should  he  given  if  tile  l  V 1 1  rises 
ahmptlv  as  tluid  is  given  the  rate  ot 
administration  should  usually  be  dc 
cicased  oi  tin  fluids  stopped  until  tin 
l  AT  icturns  to  base  line  leve  ls 

laliv  uni.in  it  al  h  a  v  i  i  until  im.l 

out  c.iilict  obseivatioiis  that  icniial 


venous  blood  can  also  be  used  to  cal 
culatc  oxvgen  consumption  oi  phys¬ 
iologic  shunting  m  the  lungs  almost 
as  well  as  pulmonary  artery  samples, 
unless  the  cardiac  output  is  very  high 
or  very  low 

In  most  instances  the  pumping 
function  ot  the  right  and  let t  vcntri 
cles  is  quite  similar,  so  that  c/iungcv 
ill  the  CVP  i y\  Inch  reflect  filling  pres¬ 
sures  m  the  right  heart1  correlate  fair¬ 
ly  well  with  i  /i.rit's'i's  in  the  I 'AW  I’ 
.which  reflect  left  ventricular  tilling 
pressures'  In  patients  with  septic  or 
cardiogenic  shock,  howevci.  the  CVP 
and  PAWP  may  lx-  quite  disparate 

rhe  pulmonary  arterv  diastolic 
pressure  should  be  monitored  con 
stuntlv  I  lie  diastolic  pulmonary  ar¬ 
terv  pressure  is  usually  only  1  to  2 
mm  Hg  higher  than  the  pulmonary  ar¬ 
tery  wedge  pressure,  unless  there  is 
pulmonary  hypertension.  It  the  PA  DP- 
PAW  P  gradient  exceeds  T  mm  Hg,  se¬ 
vere  underlying  pulmonary  hyperten¬ 
sion  is  often  present.  Furthermore,  as 
emphasized  by  Cc-ngtz  et  al,*'  pulmo¬ 
nary  artery  pressure  waves  should  he¬ 
re-corded  on  paper  and  the  values  ob¬ 
tained  at  the  end  of  expiration  used  to 
reduee  the  errors  caused  by  ven¬ 
tilators.  Digital  read-outs  tend  to  give 
deceptively  hi;  h  values,  especially 
when  high  inflation  pressures  arc- 
used. 

Although  PAWP  reflects  left  ven¬ 
tricular  filling  to  some  degree,  the  ac¬ 
tual  end  diastolic  volumes  are  much 
more  important.  It  myocardial  com¬ 
pliance  is  reduced,  such  as  after  an 
acute  myocardial  infarction,  the  left 
ventricular  end-diastolic  volume  may¬ 
be  low  even  if  the  PAWP  is  high.  Con¬ 
sequently  changes  in  PAWP  and  PADP 
with  a  thud  challenge  are  much  more- 
important  than  absolute  levels. 

Use  ot  blond  volume  ilelermimi 
lions  to  guide  the  rate  or  amount  ot 
fluid  administration  has  been  advo¬ 
cated  bv  some  investigators  Shoe¬ 
maker.  m  particular,  has  found  a 
numbet  ot  advantages  to  measunng 
blood  volumes  serially "  In  addition 
sonic-  derived  calc  illations  trom  blood 
volume  determinations  are  among  Ins 
best  predictois  ol  suicesstul  therapy 

b  hi  Ibisc  I  In  oipi  Most  acid  base 
problems  m  shock  will  impiovc  spoil 
taiuouslv  it  adequate  ventilation  and 
tissue  pciUisinn  ale  piovidcd  Hove 
cvei  any  sniniis  ,k id  base  abnoimali 
ty  tbat  pi  isists  may  mteitin  y\  it h  t.u 
dioy.isiul.il  and  oi  icnbiul  fmntion 
and  shi  mid  hi  1 1  an  c  ted 
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Severe  metabolic  aculosis  (with  a 
pH  less  than  7.10|  that  persists  in  spite 
of  fluid  loading  should  be  corrected 
with  bicarbonate.  To  calculate  total 
bicarbonate  deficit,  the  bicarbonate 
space  is  taken  to  be  equal  to  about 
30%  of  the  body  weight.  Thus,  in  an 
averaged-size  man,  it  takes  about  100 
mEq  of  bicarbonate  to  raise  the  pH  by 
0.10. 

Vincent  et  al  have  confirmed  the 
importance  of  arterial  lactate  in  prog¬ 
nosis  in  shock  patients.1'  They  found 
that  survivors  had  initially  lower  lac¬ 
tate  levels  than  nonsurvivors  (H.O  vs 
13.1  mmol/L]  and  survivors  also  had 
reductions  of  lactate  levels  of  at  least 
10%  per  hour  during  treatment.  In 
nonsurvivors  the  lactate  levels  tended 
to  rise  despite  aggressive  therapy. 

Inotropic  Agents 

If  shock  persists  in  spite  of  rapid 
and  aggressive  fluid  loading,  attempts 
should  be  made  to  improve  cardiac 
output  by  using  one  or  more  agents  to 
increase  cardiac  contractility.  The  in¬ 
otropic  agents  used  most  frequently 
for  shock  include  digoxin,  dopamine, 
dobutamine,  isoproterenol,  epineph¬ 
rine,  and  calcium. 

Digoxin.  Digitalis  increases  myocar¬ 
dial  contractility  in  patients  with  con¬ 
gestive  heart  failure  and  decreases 
atrioventricular  conduction,  thereby 
slowing  the  heart  rate  in  patients  with 
atrial  flutter  or  fibrillation  By  block¬ 
ing  the  Na-K/ATPase  pump,  digitalis 
facilitates  calcium  entry  into  myocar¬ 
dial  cells,  thereby  producing  an  in¬ 
otropic  effect.4"  This  inotropic  effect 
is  not  dependent  on  a  catecholamine 
response  and,  therefore,  it  is  also  effec¬ 
tive  in  patients  taking  beta-adrenergic 
blocking  drugs.41 

The  use  of  digitalis  preparations  is 
very  controversial  in  the  patient  with 
an  acute  myocardial  infarction.4-’  Al¬ 
though  these  drugs  may  improve  myo¬ 
cardial  function,  they  can  also  in¬ 
crease  the  incidence  and  severity  of 
arrhythmias  4 1 

Dopamine  The  response  to  dopa¬ 
mine  varies  according  to  the  dosage 
used.4'44  At  doses  of  1  to  3  pg/kg/ 
mm,  renal  hlood  flow  and  urine  out¬ 
put  often  increase  with  little  or  no 
change  in  blood  pressure  or  cardiac 
output.  At  intermediate  doses  of  3  to 
13  pg/kg/min,  blood  pressure,  cardiac 
output,  stroke  volume,  and  myocar¬ 
dial  contractility  usually  increase 
rather  substantially.  Higher  doses  of 
dopamine,  exceeding  30  pg/kg/mm, 


often  cause  increasing  vasoconstric¬ 
tion. 

The  response  of  the  right  ventricle 
to  dopamine  is  often  different  from 
that  of  the  left  ventricle.  Whereas  left 
ventricular  performance  may  be  great¬ 
ly  increased  by  dopamine,  the  right 
ventricular  stroke  work  may  increase- 
only  moderately,  with  relatively  little 
change  in  CVP 

Dobutamine.  Dohutannne  is  an 
adrenergic  agent  thought  to  produce- 
less  tachycardia,  less  increase  in  myo¬ 
cardial  oxygen  consumption,  and 
fewer  arrhythmias  than  dopamine.44 
Dohutannne  also  increases  the  sinus- 
node  rate  and  improves  AV  and  inter 
ventricular  conduction  rates.  Left  ven¬ 
tricular  afterload,  left  atrial  pressure, 
and  systemic  vascular  resistance  are 
significantly  lower  with  administra¬ 
tion  of  dohutannne  than  dopamine.44’ 
However,  dohutannne,  because  of  its 
vasodilator  properties,  generally 
should  not  be  given  to  patients  who 
are  hypotensive  or  have  a  low  sys¬ 
temic  vascular  resistance.  Thus,  in 
septic  shock,  dopamine  is  usually 
preferable;  in  cardiogenic  shock, 
dohutannne  is  preferred. 

Isoproterenol.  It  the  patient  with 
shock  has  a  slow  pulse  rate,  iso¬ 
proterenol  in  doses  of  1  to  2  pg/nun 
may  dramatically  increase  blood  pres¬ 
sure,  cardiac  output,  and  tissue  perfu¬ 
sion.44  It  the  pulse  rate  exceeds  120 
per  minute,  however,  it  is  much  less 
likely  to  improve  cardiac  output  and 
has  a  tendency  to  cause  myocardial  is¬ 
chemia.4’  Consequently  it  is  usually 
contraindicated  in  patients  with  an 
acute  myocardial  infarction 

Epinephrine.  Epinephrine  in  doses 
of  1  to  3  (xg/ m m  can  often  raise  hlood 
pressure  and  cardiac  output  in  indi¬ 
viduals  who  have  become  unrespon¬ 
sive  to  large  doses  of  dopamine  and 
dobutamine.*'-4'  Epinephrine,  how¬ 
ever,  can  occasionally  cause  dangerous 
tachyarrhythmias. 

Calcium  Calcium  ions  enter  the 
sarcoplasm  of  the  myocardial  cell 
from  the  ECF  during  the  plateau 
phase  of  the  action  potential  *•’  In  ad¬ 
dition,  calcium  ions  stored  in  the  sar¬ 
coplasmic  reticulum  are  released  and 
rapidly  transferred  to  the  sites  ot  inter 
action  ot  the  act  in  and  myosin  fila¬ 
ments.  Thus  an  adequate  quantity  of 
plasma  ionized  calcium  is  extremely 
important  tor  maintaining  normal  car 
diac  function.*'  In  shock  patients  iv 
ceiving  hank  blood  at  more  than  IO(l 
ml  mm,  the  citrate  in  the  transit! 


sions  may  reduce  the  ionized  calcium 
level  in  the  blood  to  a  point  at  which 
it  impairs  cardiovascular  function. 
Consequently  the  Committee  on 
Trauma  of  the  American  College  of 
Surgeons,  in  its  ATLS  course,  recom¬ 
mends  that  a  gram  of  calcium  chlo¬ 
ride  be  given  after  every  four  to  five- 
units  of  blood  in  patients  receiving 
blood  at  this  rapid  rate. 

C  Incase -potassium- instil  in  tCKIr 
Significant  improvements  in  cardiac 
function  occasionally  may  occur  fol¬ 
lowing  the  administration  ot  concen¬ 
trated  solutions  of  glucose  with  added 
potassium  and  insulin  *s  Recom¬ 
mended  dosage  consists  ot  1,000  mL  ot 
saline  containing  100  to  200  g  ot 
glucose,  20  to  40  mEq  ot  potassium 
chloride,  and  10  to  20  units  ot  regular 
insulin  IV  given  over  one  to  tour 
hours. 

Combinations.  A  wide  variety  ot 
combinations  of  inotropic  and  vas¬ 
odilating  agents,  including  dopamine, 
dobutamine,  or  epinephrine  with  m- 
troprusside  or  nitroglycerin,  have  been 
used  successfully  to  improve  tissue 
perfusion  in  severe  heart  failure  or 
shock.4'44"  These  combinations  are 
particularly  helpful  in  patients  with  a 
low  cardiac  output  and  high  systemic 
vascular  resistance. 

Steroids 

Small  "Replacement"  Doses  It  has 
been  estimated  that  up  to  six  million 
people  in  the  United  States  have  a 
subclinical  adrenal  insufficiency  that 
can  he  uncovered  by  severe  trauma  or 
sepsis.’1  Up  to  13". i  of  patients  with 
sepsis  in  an  ICU  may  not  have  an  ap¬ 
propriate  increase  in  plasma  cortisol 
levels  and  will  not  respond  adequately 
to  AC.TH  ’’  Patients  with  adrenal  in¬ 
sufficiency  and  shock  or  sepsis  gener¬ 
ally  will  die  unless  given  exogenous 
corticosteroids  As  a  consequence,  all 
patients  with  shock  that  is  unrespon¬ 
sive  to  fluid  loading  and  inotropic 
agents  should  he  given  at  least  200  mg 
ot  hydrocortisone  hv  rapid  IV  iniection 
with  follow  up  doses  as  needed  -1 

Massne  il'lniinnu  o/ogit  ,ih  /low  s 
Pile  use  ot  massive  doses  of  steroids 
in  shock  theiapv  is  contioveisial 
I  here  are  data  suggesting  that  mas 
sive  doses  o!  glucocorticoids  max  he 
helpful  m  shock  lu  preventing  lilt 
coupling  of  mitochondii.il  election 
tr.mspoit  and  oxidative  phosphoivla 
lion  I  hev  also  seem  to  stabilize 
lvsosom.il  and  capillaiv  nnmhi.uu 
pciincahilitv  and  impiovc  r  anhovas 
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cular  function’7  and  cell  metabo¬ 
lism. ’x  Oxygen  delivery  to  the  tissues 
may  also  be  improved  by  a  shift  of  the 
oxyhemoglobin  dissociation  curve  to 
the  right.’1’  Jacobs  et  ah’"  found  that 
steroids  may  be  of  benefit  by  reducing 
the  excessive  activation  of  comple¬ 
ment  that  can  occur  with  sepsis  and/ 
or  shock.  This  may  be  particularly 
helpful  in  preventing  ARDS  after  sep¬ 
tic  shock. 

Hinshaw  has  shown  in  several  ha- 
boon  experiments  that  these  primates 
can  survive  an  LD100  septic  shock  in¬ 
sult  if  given  massive  steroids  and  anti¬ 
biotics  early  in  treatment/’1 

Schumer  et  al  conducted  the  only 
large  double-blind,  prospective  clinical 
study  of  the  effects  of  massive  steroids 
in  early  septic  shock/’2  Mortality  rate 
with  a  placebo  was  40%,  hut  it  was 
only  11%  with  administration  of  mas¬ 
sive  steroids. 

Vasopressors 

In  general,  vasopressors  should  be 
given  only  as  a  temporary  measure 
when  there  appears  to  be  no  other 
rapidly  effective  method  of  restoring 
an  adequate  coronary  or  cerebral  blood 
flow  in  patients  with  critical  stenoses 
of  these  vessels.  They  should  gener¬ 
ally  not  he  administered  until  an  ade¬ 
quate  trial  with  ventilation,  oxygen, 
fluids,  acid-base  correction,  inotropic 
agents,  and  steroids  has  been  made. 

Dopamine  in  doses  of  20  to  40  p.g/ 
kg/min  can  raise  blood  pressure  ade¬ 
quately  in  about  HO"/.,  of  patients  re¬ 
quiring  drugs  to  correct  their  hypoten¬ 
sion.  Thus  only  a  relatively  small 
number  of  patients  with  shock  may 
require  vasopressors  such  as  meta- 
rammol  [Aramine)  or  norepinephrine 
(Levophed).  Norepinephrine  by  itself 
can  cause  severe,  sometimes  lethal, 
vasoconstriction/’'  A  solution  con¬ 
taining  four  ampules  of  norepineph¬ 
rine  (Levophed!  and  two  ampules  of 
phentolamine  (Regitine)  can  raise  HI’ 
with  much  less  danger  ot  excessive 
vasoconstriction/' '/’  ’ 

Phenylephrine  (Neosynephrmel  is 
often  used  to  treat  hypotension  fol¬ 
lowing  spinal  anesthesia,  which  is 
characterized  by  decreased  mean  ar¬ 
terial  pressure  and  increased  vascular 
capacitance.  Butterworth  et  al,rf'  found 
that  isoproterenol  reduced  vascular  ca¬ 
pacitance,  resulting  in  a  pharmaco¬ 
logic  autotransfusion,  whereas  phenyl¬ 
ephrine  acted  primarily  hv  increased 
peripheral  vascular  resistance  Lphe- 
drine  effectively  combined  both  these 


effects.  Thus  ephednne  seemed  to  be  a 
more  appropriate  drug  treatment  for 
spinal  anesthetic  hypotension  than 
was  either  neosynephrine  or  isopro¬ 
terenol. 

Vasodilators 

If  the  patient  shows  evidence  of 
excessive  vasoconstriction  and  poor 
tissue  perfusion  in  spite  of  all  other 
therapy,  and  if  his  blood  pressure  is 
normal  or  high,  a  vasodilator  may  be 
very  helpful.  A  vasodilator  should  not 
be  used,  however,  in  patients  who  are 
hypovolemic.  Vasodilators  in  full  dos¬ 
age  may  increase  vascular  capacity  by 
as  much  as  2  to  d  L/’7  further  accen¬ 
tuating  the  hypovolemia  and  causing 
sudden  severe  hypotension.  The  use  of 
vasodilators  may  also  he  dangerous  in 
patients  who  are  already  vasodilated 
and  have  a  low  systemic  vascular  re¬ 
sistance/’' 

Nitroprusside  is  administered  by 
continuous  IV  infusion,  usually  in 
doses  of  0.5  to  TO  pg/kg/mm.  This 
drug  causes  a  reduction  in  afterload/'” 
A  PAWP  of  15  to  lb  mm  Hg  and  a  sys¬ 
tolic  arterial  pressure  of  at  least  80  to 
90  mm  Hg  should  he  maintained,  it 
possible,  before  and  during  the  admin¬ 
istration  of  the  nitroprusside. 

Nitroglycerin  is  also  effective  as  a 
vasodilator. 7,1  It  dilates  coronary  and 
systemic  arteries  in  doses  similar  to 
nitroprusside.  It  also  has  an  even  more 
pronounced  effect  on  veins,  however, 
so  that  its  main  effect  is  to  reduce  pre¬ 
load.  7| 

Diuretics 

It  the  urine  output  is  less  than  0.5 
mL/kg/h  despite  adequate  fluids  and 
adequate  blood  pressure,  12.5  to  25.0  g 
of  mannitol  may  be  infused  IV  over  a 
period  ot  10  to  20  minutes  with  a  sim¬ 
ilar  dose  every  one  to  tour  hours  as 
needed.’-’  If  the  urine  output  is  still 
inadequate,  turosemide  (Lasix!  can  be 
given. 1 ' 

Antibiotics 

Antibiotics  should  he  started  at  the 
earliest  indication  of  any  infection  or 
contamination,  after  appropriate 
smears  and  cultures  have  been  ob¬ 
tained  Altemeier  et  al  have  shown,  in 
a  large  series  ot  septic  patients,  that 
the  mortality  rate  ot  sepsis  was  much 
higher  p4"..l  when  the  patient  was 
given  an  inappropriate  antibiotic  than 
when  an  appropriate  antibiotic, 
chosen  on  the  basis  of  culture  sen¬ 
sitivities,  was  used  |2S".,V'’ 
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Bactericidal  or  bacteriostatic  agents 
can  be  equally  effective  in  gram-nega¬ 
tive  infections.7’  The  patterns  ot  sus¬ 
ceptibility  vary  widely  from  hospital 
to  hospital,  but  certain  general  recom¬ 
mendations  may  be  made  Treatment 
is  started  with  one  ot  the  amino¬ 
glycosides  (tobramycin  or  gentamicin! 
to  cover  the  usual  gram-negative  aero¬ 
bes.  When  cultures  and  susceptibility 
tests  become  available,  a  less  toxic, 
but  effective,  drug  should  be  sub¬ 
stituted.  If  gram-positive  cocci  are 
seen  on  smear,  a  synthetic  penicillin 
should  be  used.  In  anaerobic  infec¬ 
tions,  such  as  necrotizing  fasciitis,  the 
smear  frequently  shows  pleomorphic 
gram-negative  bacilli  (Bacteroides!  and 
a  mixture  ot  aerobes  and  anaerobes. 
Thus  a  three-drug  regimen  is  used  fre¬ 
quently  m  severe  abdominal  sepsis, 
comprising  10  to  20  million  units  ot 
penicillin  ti,  2,400  mg  of  clindamycin, 
and  5  mg/kg/day  ot  gentamicin.  In  se¬ 
vere  gram-negative  sepsis,  peak  blood 
levels  for  gentamicin  and  tobramycin 
should  be  8  to  10  qg/mL. 7,1  ”  This 
usually  requires  a  dose  ot  2.0  to  2.5 
mg/kg.  With  such  doses,  the  interdose 
interval  may  have  to  he  lb  to  24  hours 
to  obtain  trough  levels  below  1.0  pg/ 
mL.7* 

Heparin 

Although  there  is  controversy  re¬ 
garding  the  value  ot  heparin  tor  the 
treatment  ot  D1C,  we  recommend 
that  it  be  started  it  serial  coagulation 
studies  reveal  DIC  without  fibrinoly¬ 
sis.  This  situation  is  indicated  by  a 
progressive  reduction  in  the  platelet 
count  and  fibrinogen  levels  without 
an  increase  in  tihrin  split  products 
(FSI’I.  Under  such  circumstances,  in¬ 
travascular  clots  may  form  without 
enough  fibrinolysis  to  keep  the  micro¬ 
circulation  open 

Mechanical  Assistance 

Mihtar\  Ant  islutck  Housers 
t.MASTi.  Although  the  MAST  garment 
is  now  being  used  with  enthusiasm  ill 
main  parts  ot  the  country  to  help 
treat  hemorrhagic  shock  en  route  to 
the  hospital. s"  main  physicians  re¬ 
main  skeptical  ot  its  value  Although 
it  was  originally  thought  that  the 
MAS  I  garment  caused  an  auto 
transfusion  ot  7()0  to  1.00(1  in L  ot 
blood,  more  recent  studies  suggest 
that  it  actually  raises  BP  pnmurilv  hv 
increasing  attcrloadM  and  reducing 
perlusion  ol  tissues  covered  hv  MAS  I 
In  addition  MiT  abc  et  al”’  showed 
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that  MAST  can  cause  a  14%  decrease 
in  pulmonary  vital  capacity.  This  may 
be  a  critical  factor  in  patients  with 
respiratory  insufficiency. 

Intraaortic  Balloon  I’umping 
lIABPl.  Cardiogenic  shock  frequently 
persists  in  spite  of  adequate  ventila¬ 
tion,  oxygen,  fluids,  acid-base  correc¬ 
tion,  inotropic  agents,  steroids,  vaso¬ 
pressors  or  vasodilators,  and  control  of 
arrhythmias.  This  persistent  car¬ 
diogenic  shock  is  caused  by  "power 
failure"  because  of  inadequate  func¬ 
tioning  of  35%  to  40%  or  more  of  the 
left  ventricular  myocardium. *VKJ  If 
shock  from  myocardial  failure  persists 
for  more  than  two  hours,  the  mor¬ 
tality  rate  approaches  100%. K'  Conse¬ 
quently  mechanical  support  of  the  cir¬ 
culation  by  IABP,  which  reduces 
systolic  blood  pressure  and  increases 
diastolic  aortic  pressure,  may  greatly 
improve  coronary  blood  flow  relative 
to  myocardial  O,  needs.*'' 

Newer  Agents 

Naloxone  t  Anti-endorphin)  Ther¬ 
apy.  Beta  endorphins  are  endogenous 
opiates  secreted  by  the  same  cells  in 
the  hypothalamus  that  secrete  AC.'TH. 
Hence  any  stimulus  such  as  shock 
which  causes  AC'TH  release  will  also 
cause  heta-endorphin  release.1*7  These 
opiates  apparently  cause  hypotension 
primarily  by  lowering  peripheral  vas¬ 
cular  resistance,  but  they  may  also 
cause  myocardial  depression. S!*  Al 
though  naloxone  has  little  or  no  effect 
on  the  cardiovascular  system  of  nor¬ 
mal  animals,  it  may  increase  arterial 
blood  pressure  and  survival  m  many 
animals  with  endotoxin-induced  hy¬ 
potension.''1'  The  mechanism  ot  action 
is  thought  to  he  a  central  inhibition  ot 
opioid  receptors  Although  the  in¬ 
creased  peripheral  resistance  repre¬ 
sents  the  sum  total  ot  naloxone's  et- 
tect,  it  may  have  varying  effects  on 
different  vascular  beds.1'"  Vernese  et 
al  '1  showed  that  naloxone  is  a  vaso¬ 
dilator  ot  canine  muscular  arteries, 
probablv  bv  a  direct  effect  on  ihe  ves¬ 
sel 

The  results  obtained  clinically  with 
naloxone  have  not  been  as  good  .is 
those  seen  in  experimental  animals, 
possiblv  because  ot  late  administra¬ 
tion  ana  the  much  smaller  doses  used 
in  patients.  Rock  et  al  '’  used  increas¬ 
ing  doses  ot  naloxone  (0  1.  (I  2,  0  4.  (I  S, 
1.6  mgkgl  in  12  patients  with  septic 
shock,  and  they  found  an  increase  in 
mean  arterial  Bl’  greater  than  1(1  mm 
Hg  in  only  tour  patients  In  addition, 
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four  patients  developed  adverse  reac¬ 
tions  (hypotension  in  two,  pulmonary 
edema  in  one,  and  grand  mal  seizures 
in  one). 

Prostaglandins.  Prostaglandins  are  a 
large  family  of  naturally  occurring 
lipids  formed  from  arachidonic  acid  by 
metabolism  initiated  by  the  enzyme 
cyclooxygenase.  Several  studies  have 
shown  that  a  number  ot  these  sub¬ 
stances,  including  thromboxane 
(TXAJ  and  prostacyclin  |I’GI,I,  are  el¬ 
evated  in  septic  shock.  Although  some 
ot  these  prostaglandins,  such  as 
thromboxane,  may  he  harmful  in 
shock,  others,  such  as  PGE,  and  pros¬ 
tacyclin,  can  be  helpful  For  example, 
PGE,  has  been  used  with  benefit  in 
experimental  hemorrhagic  shock  by  at 
least  two  groups  of  investigators.''* 1,4 
Its  main  effects  have  been  a  decrease 
in  peripheral  resistance  and  an  in¬ 
crease  in  cardiac  output  and  blood 
pressure  PCI,  qirostacyclinl  has  re¬ 
ceived  much  attention  because  of  its 
ability  to  cause  vasodilation  and  in¬ 
hibit  platelet  aggregation.1'*  Studies  on 
lethal  endotoxemia  in  dogs  have 
shown  that  PGI,  can  improve  tissue 
perfusion  and  organ  function.'"’''7 

Prostaglandin  inhibitors  also  have 
received  wide  attention.  For  example, 
the  changes  in  intracorneal  renal 
blood  flow  after  Escherichia  coli  bac¬ 
teremia  are  associated  with  an  in¬ 
crease  in  prostaglandin  levels  and  are 
prevented  by  pretreatment  with  in- 
domcthacin  (a  cyclooxygenase  inhib- 
itorl.'"*  Loe  and  Bowen  studied  E  coll 
sepsis  in  a  canine  model  that  was  pre¬ 
treated  with  a  thromboxane  syn¬ 
thetase  inhibitor.''”  Surgery  and  sepsis 
caused  a  significant  increase  in  the 
TxB,  (a  stable  metabolite  ot  thombox- 
ane  A, I  over  baseline  values,  and  this 
increase  was  completely  prevented  by 
treatment  with  the  Tx  synthetase  in¬ 
hibitor.  Inhibition  of  Tx  synthesis  also 
tended  to  improve  total  peripheral  re¬ 
sistance,  intracellular  oxygen  tension, 
and  transmembrane  potential  dit- 
tcrenccs. 

Studies  by  Heines  et  al .  found 

that  central  venous  plasma  levels  ot 
thromboxane  in  eight  patients  dying 
ot  septic  shock  were  more  than  ten¬ 
fold  higher  than  in  survivors.  Ihese 
data  suggest  that  treatment  with  mi 
idizolc,  an  inhibitor  of  thromboxane 
synthetase,  might  be  benetiei.il  m  sep¬ 
tic  shock  1111 

Aihnosinc  Inphnsplhitc  iAII'i  .-!</ 
minist ration  tor  many  sears  there 
has  been  interest  in  various  methods 
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ot  improving  cell  metabolism  and 
raising  intracellular  levels  ot  ATI’  It 
has  generally  been  assumed  that  ex¬ 
ogenously  administered  ATI’  cannot 
enter  cells,  however,  Chaudry  and  his 
coworkers  have  shown  that  even  un¬ 
der  normal  conditions,  some  ATP  can 
enter  muscle  cells,  and  that  this 
amount  is  increased  during  shock.11" 
It  was  also  found  that  a  glucose  ATP- 
MgCI ,  mixture  significantly  increased 
survival  in  rats  who  had  peritonitis 
due  to  cecal  ligation. 

Chaudry  et  all<M  also  have  investi¬ 
gated  the  pharmacologic  safety  of  ad¬ 
ministering  adenosine  triphosphate- 
magnesium  chloride  in  normal  man. 
Their  study  confirmed  that  ATP- 
MgC  1 .  is  a  potent  vasodilator,  and 
they  also  found  an  increased  cardiac 
output  m  proportion  to  the  decrease 
in  peripheral  resistance  caused  hv 
ATP 

Unfortunately  there  may  be  prob¬ 
lems  with  ATP  infusions.  Horton  et 
al11"  found  that  although  the  use  ot 
ATP-MgCI  ,  m  canine  hemorrhagic 
shock  increased  coronary  blood-flow 
and  oxygen  delivery,  there  was  a  pro¬ 
gressive  decrease  in  cardiac  perfor¬ 
mance.  The  decrease  in  myocardial 
oxygen  extraction,  together  with  a 
negative  lactate  balance  in  the  myo¬ 
cardium,  suggest  that  a  metabolic  de¬ 
tect  developed  in  the  animals  receiv¬ 
ing  ATP-MgCI,. 

Antisera.  The  use  ot  antiserum  to 
endotoxin  has  recently  been  investi¬ 
gated  by  Ziegler  et  al1"'  m  a  prospec¬ 
tive  study  of  212  patients  with  gram- 
negative  sepsis.  Antiserum  produced 
from  the  1-5  mutant  strain  of  I  colt, 
which  contains  onlv  core  determi¬ 
nants,  was  used  The  mortality  rate  of 
the  control  group  was  4S)"„,  compared 
to  22"..  in  the  antiserum  group.  The 
effect  m  those  with  profound  shock 
was  even  greater,  with  mortality  rates 
ot  T 7"..  in  the  control  group  compared 
to  44",,  in  the  treated  group.  Although 
not  currently  available  to  practi¬ 
tioners  such  antisera  mav  play  a  sig 
mticant  role  m  the  management  ot 
gram  negative  bacteremia  in  the  fu¬ 
ture. 

Calcium  Phu  kets  A  number  ot  cal¬ 
cium-channel  blockers  have  been 
shown  to  have  beneficial  effects  on 
myocardium  brain. I,r  and  kid 
nev1"'  aftci  ischemia  While  these 
agents  have  received  wide  attention  in 
experimental  oigan  picscrvation,  their 
value  in  clinical  situations  is  unclear 

Although  calcium  bloekeis  max  be 
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helpful  in  maintaining  viability  of 
ischemic  organs,  they  also  may  inter¬ 
fere  with  efforts  to  maintain  blood 
pressure  and  cardiac  output  during  re¬ 
suscitation  Denis  et  all,w  found  that, 
in  dogs  subjected  to  hemorrhagic 
shock,  a  prior  total  parathyroidectomy 
or  use  of  a  calcium  blocker  (Ve¬ 
rapamil)  greatly  impaired  the  dogs' 
normal  homeostatic  response  to 
shock.  Augmentation  of  the  intact 
parathyroid  response  to  postshock  hy¬ 
pocalcemia  by  giving  calcium  seemed 
to  improve  the  acute  cardiovascular 
response. 

REVERSIBLE  CAUSES  OF 
"IRREVERSIBLE"  SHOCK 

Some  of  the  more  frequently  over¬ 
looked,  treatable  causes  of  persistent 
shock  include  inadequate  infusion  of 
fluids,  inadequate  ventilation,  unrec¬ 
ognized  pneumothorax,  pulmonary 
emboli,  inadequately  treated  sepsis, 
cardiac  tamponade,  acid-base  or  elec¬ 
trolyte  abnormalities,  adrenal  insuffi¬ 
ciency,  hypothermia,  and  previous 
prolonged  treatment  with  antihyper¬ 
tensive  drugs. 

A  specific  search  for  these  entities 
should  be  made  before  considering  the 
patient  incurable. 

SUMMARY  &  CONCLUSIONS 

In  spite  of  all  the  scientific  and 
technical  advances  in  recent  years, 
shock  that  is  not  rapidly  correctable 
with  fluid  can  have  a  morbidity  rate 
exceeding  SO'’.).  Consequently  aware¬ 
ness  ot  such  precipitating  factors  as 
sepsis  and  early  diagnosis  and  treat¬ 
ment  are  essential. 

Treatment  should  be  rapid  and 
should  follow  a  previously  outlined 
protocol.  Such  protocols  should  in¬ 
clude  correction  of  the  precipitating 
problem  and  aggressive  resuscitation 
to  assure  adequate  ventilation  and 
oxvgcnjtion  of  the  blood  and  optimal 
oxygen  delivery  to  the  tissues.  Fluid 
and  blood  should  be  given  as  needed 
until  tilling  pressures  begin  to  rise 
rapidlv  with  further  fluid  infusion. 
With  hemorrhagic  shock  in  previously 
healthv  individuals,  a  hemoglobin 
level  of  10.0  g  dL  is  usually  adequate 
In  older  septic,  or  cardiogenic  shock 
patients  a  hemoglobin  level  ot  12.4  to 
U  0  mav  be  preferable 

It  an  optimal  preload  does  not  in¬ 
crease  cardiac  output  to  normal  or 
higher  levels,  inotropic  agents  should 
he  used  It  shock  still  persists,  one 
must  be  sure  t hat  the  arterial  pH  is 


not  excessively  high  or  low.  Glucocor¬ 
ticoids  may  then  be  given  in  low  dose 
(200  mg  hydrocortisone!  in  case  some 
degree  of  adrenal  insufficiency  is  pres¬ 
ent.  They  can  also  he  given  in  high 
doses  (equivalent  to  ISO  mg/kg  hydro¬ 
cortisone!  early  in  septic  shock  pri¬ 
marily  to  prevent  excess  complement 
activation  and  to  preserve  membrane 
integrity. 

Vasopressors  may  occasionally  be 
required  if  there  is  excessive  vasodila¬ 
tion,  especially  if  there  is  persistent 
hypotension  in  the  presence  of  high- 
grade  coronary  or  cerebral  artery  ste¬ 
nosis.  Vasodilators  may  be  used  to  try 
to  correct  myocardial  ischemia  |mtro- 
glycerinl,  excessive  preload  (mtro- 
glycerinl,  or  excessive  afterload  (nitro- 
prusside  or  hydralazine).  Combina¬ 
tions  of  vasodilators  and  inotropic 
agents  may  be  required  in  some  pa¬ 
tients  with  high  systemic  vascular  re¬ 
sistance  and  persistently  low  cardiac 
outputs.  Mechanical  assist  with  IABP 
can  he  of  great  value  in  persistent  car¬ 
diogenic  shock. 

Diuretics  may  occasionally  help 
prevent  renal  failure  in  patients  who 
ate  persistently  oliguric  alter  blood 
flow  and  pressure  are  restored. 
Heparin  is  occasionally  of  value  if 
D1C  develops  with  no  concomitant 
fibrinolysis.  Antibiotics  are  important 
in  septic  shock  and  may  also  be  im¬ 
portant  it  persistent  shock  has  re¬ 
duced  gastrointestinal  mucosal  integ¬ 
rity  so  that  bacteria  and  bacterial 
products  can  enter  the  portal  system. 

Newer  studies  have  focused  on 
naloxone  (which  can  usually  raise  BP 
in  experimental  shock,  hut  is  of  ques¬ 
tionable  clinical  value),  prostaglandins 
(which  include  a  myriad  ot  substances 
with  various  effects),  prostaglandin  in¬ 
hibitors,  and  ATP-MgCI,  |so  tar  stud 
led  seriously  by  only  one  group).  The 
most  exciting  newer  substances  in¬ 
clude  calcium-channel  blockers  and 
antisera  to  endotoxin  These  latter 
two  agents  could  conceivably  revolu¬ 
tionize  resuscitation  and  the  treat¬ 
ment  ot  septic  shock 
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SPECIAL  CONTRIBUTION 

jult  respiratory  distress  syndrome,  complement,  iron 
leukocytes;  oxygen  radicals 


Current  Concepts  Regarding  Adult 
Respiratory  Distress  Syndrome 


Adult  respiratory  distress  syndrome  tARDSi  i s  a  multietiologic  acute  and 
progressive  pulmonary  dysfunction  that  may  be  precipitated  by  any  o I  a 
number  of  pathogenic  agents.  Clinical  and  experimental  studies  suggest 
that  activation  of  complement  and  blood  neutrophils  plays  a  significant  role 
in  the  development  of  pulmonary  vascular  iniury.  which  is  an  important 
pathophysiological  feature  of  ARDS.  Although  the  specific  cellular  and  bio¬ 
chemical  mechanisms  resulting  in  the  development  of  ARDS  are  unknown, 
it  has  been  suggested  that  oxygen-derived  free  radicals  generated  from  com¬ 
plement-activated  granulocytes  may  be  involved,  directly  or  indirectly,  in 
the  destruction  of  lung  vascular  endothelium  and  alveolar  tissue  matrix. 
This  hypothesis  is  supported  by  recent  experimental  studies  showing  that 
acute  lung  iniury  secondary  to  systemic  complement  activation  can  largely 
be  prevented  by  interventions  that  scavenge  for  hydroxyl  radicals  or  restrict 
availability  of  ionic  iron.  jWard  PA.  lohnson  Kj.  Till  CO:  Current  concepts 
regarding  adult  respiratory  distress  syndrome.  Ann  Emcrg  Med  August 
mS.14: 724-72R.I 

Introduction 

During  the  past  decade,  the  term  adult  respiratory  distress  syndrome 
(ARDS)  has  been  synonymous  with  acute  respiratory  syndrome,  shock  lung, 
wet  lung,  and  so  forth.  Although  it  had  been  known  for  some  time  that 
sudden  deterioration  of  lung  function  and  oxygenation  was  associated  with 
the  so-called  "white  out"  of  lung  as  demonstrated  by  radiography,  it  became 
increasingly  apparent  during  the  years  of  the  American  involvement  in  the 
Vietnam  War  that,  in  patients  with  shock  or  trauma,  the  shock  lung  syn¬ 
drome,  or  ARDS,  had  clinical  features  that  could  be  broadly  categorized  into 
a  syndrome  complex.  It  also  became  obvious  that  no  single  etiologic  agent  is 
associated  with  the  development  of  ARDS,  and  that  sepsis  is  the  cause  in 
less  than  half  of  the  cases.  ARDS  is  a  rapidly  progressive  disorder  with  a 
mortality  rate  approaching  50%  within  the  first  three  days,  whose  survivors 
demonstrate  a  significant  degree  of  permanent  pulmonary  changes,  including 
some  evidence  of  interstitial  fibrosis.1  7 

The  generally  accepted  criteria  for  the  diagnosis  of  ARDS  are  shown  (Fig¬ 
ure  II.  The  syndrome  is  associated  with  rapid  and  progressive  onset  of  respi¬ 
ratory  failure,  and  it  can  be  distinguished  from  respiratory  difficulties  in  pa¬ 
tients  who  have  preexisting  obstructive  lung  disease,  in  ARDS  there  is 
radiographic  evidence  of  diffuse,  bilateral  lung  densities.  There  is  no  evi¬ 
dence  of  elevation  in  the  capillary  wedge  pressure,  an  important  criterion, 
because  increased  capillary  hydrostatic  pressure  due  to  left  heart  failure 
would  itself  produce  pulmonary  edema,  which  behaves  differently  than 
ARDS.  Another  criterion  is  that  arterial  oxygen  pressure  drops  in  association 
with  a  refractory  hypoxemia  that  cannot  be  corrected  by  the  administration 
of  100"-,,  oxygen.  These  are  the  criteria  that  are  generally  accepted  for  the 
inclusion  of  patients  into  a  classification  of  ARDS 

ARDS  is  associated  with  many  different  underlying  medical  problems,  m 
eluding  shock,  sepsis,  nonpulmonary  trauma,  viral  pneumonia,  smoke  inlia 
lation,  bum  iniury  to  the  skin,  cardiopulmonary  bypass,  and  others  iTvarlv 
there  is  no  single  primary  etiology  that  can  be  incriminated  m  the  develop 
ment  of  ARDS 

On  the  other  hand,  there  is  some  evidence  that  the  development  ol  ARDS 
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may  he  associated  with  complement 
activation  and  neutrophil  actions. 
This  [tentativel  conclusion  is  based  on 
a  great  number  of  clinical  observa¬ 
tions  |Figure  21.  First,  there  is  evidence 
that  in  ARDS  there  are  increased 
numbers  of  leukocytes  within  the 
iung*  Infusion  of  indium-labeled  neu¬ 
trophils  demonstrates  a  much  greater 
degree  of  neutrophil  localization  with¬ 
in  the  pulmonary  vascular  system  of 
patients  with  ARDS  than  in  non- 
ARDS  individuals.*  In  addition,  it  has 
been  demonstrated  that  bronchoalve- 
olar  lavage  fluid  from  the  lungs  of 
ARDS  patients  has  an  increased 
number  of  neutrophils  as  compared  to 
that  of  control  patients,  in  whom  the 
number  of  neutrophils  rarely  exceeds 
4%  of  total  cells.1' 

There  is  evidence  for  the  presence 
of  activated  neutrophils  in  the  blood 
of  patients  with  ARDS.1"  Blood  neu¬ 
trophils  obtained  from  these  patients 
show  increased  chemotactic  activity 
in  vitro,  as  well  as  the  ability  to  gener¬ 
ate  oxygen-derived  tree  radicals.1" 
There  are  also  increased  levels  of  lac- 
toferrin  in  the  plasma  of  ARDS  pa¬ 
tients,11  which  suggests  that  activa¬ 
tion  of  neutrophils  and  secretion  of 
lactoterrin  has  occurred  somewhere 
within  the  vascular  system. 

ARDS  patients  also  show  evidence 
ol  complement  activation,  as  demon- 
srated  hv  alternative  complement 
pathway  changes,1’  as  well  as  the 
presence  ot  a  leukocyte-aggregating 
factor  with  the  features  ot  the  peptide 
from  the  tilth  component  ot  comple¬ 
ment,  L'S.i  anaphylatoxm  1  *  Addi¬ 
tionally  it  has  been  reported  that  ill 
patients  with  ARDS,  the  a  l-antipro- 
tcinase  obtainable  hv  bronchoalveolar 
lavage  thud  is  m  a  state  ot  chemical 
inactivation  due  to  oxidative  changes 
in  a  mctlnonyl  residue  ot  this  pro¬ 
tein,111-  although  neutrophil-depen¬ 
dent  oxidation  was  not  specifically 
implicated 

These  data  suggest  that  in  ARDS 
there  is  evidence  ot  neutrophil  activa¬ 
tion  as  well  as  evidence  ot  activation 
ot  the  complement  system  Moreover, 
these  (Hidings  inav  he  relevant  to  the 
pulmonary  dysfunction  and  the  evi¬ 
dence  of  inactivated  «  I  antiproteinase 
in  the  lungs  ot  ARDS  patients  I  In-se 
findings  do  not  imply  that  some  ot  the 
same  observations  might  not  he  made 
in  non  ARDS  patients  It  is  quite  pos 
si  hie ,  tor  instance,  that  some  ot  the 
same  features  could  he  associated 
with  eiidotoxemia  In  general  how 
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Fig.  1.  t.  cncrallv  accepted  criteria  lor 
ARDS 


ever,  the  constellation  ol  findings 
tends  to  support  the  hypothesis  that 
complement  activation  leads  to  stun 
ulation  of  neutrophils,  which  m  turn 
is  associated  with  oxygen  radical  gen¬ 
eration  leading  to  lung  miurv 

Complement,  Neutrophils  & 
Oxygen  Radicals 

The  most  convincing  experimental 
evidence  that  complement  activation 
can  lead  to  acute  lung  miurv  comes 
from  experiments  performed  on  rats 
Intravenous  infusion  ot  the  potent 
complement-activating  agent  isolated 
from  cobra  venom  resulted  m  the 
prompt  appearance  ot  a  chemotactic 
peptide  in  the  plasma  ot  these  ani¬ 
mals  This  was  accompanied  hv  evi¬ 
dence  ot  neutrophil  aggregation  and 
sequestration  within  the  pulmonary 
interstitial  capillary  network,  endo¬ 
thelial  cell  damage  or  destruction,  and 
interstitial  and  mtra-alveolar  edema, 
hemorrhage,  and  tihrin  deposition T' 
Damage  to  the  lung  was  shown  to  he 
dependent  on  the  availability  ot  the 
complement  system  and  the  presence 
ot  neutrophils.  Lung  miurv  could  he 
blocked  by  treatment  ot  the  animals 
with  catalase,  which  destroys  hydro¬ 
gen  peroxide  iH.O.U'’ 

More  recently  accumulated  evi 
deuce  has  shown  that,  m  tart,  a  con¬ 
version  product  ot  H,().  is  involved, 
namely  the  hvdroxvl  radical  iHO'V1’ 
This  highly  reactive  and  toxic  oxygen 
radical  is  thought  to  he  tot  meal 
through  the  Fenton  reaction  as  tol 
lows: 

K-'  •  ■  n  o.  •  tc  •  tto  -  on 

In  tills  process,  iron  is  oxidized  to  its 
ferric  jFc'  '  1  state  It  is  thought  that 
the  hvdroxvl  i.ulical  is  the  mam 
culprit  in  endothelial  cell  damage  m 
tills  model  ot  acute  lung  miurv  Intel 
vcntinn  with  treatments  such  as  non 
chelators  to  remove  available  non  oi 
with  hvdroxvl  iadic.il  scavenger  such 
as  diinethvl  thioinc.i  and  dmieilivl 
sulfoxide  virtu.  1 1 1  x  abolishes  the  onset 
ol  lung  inimv 

It  is  also  possible  t hat  a  second  s.- 
qucilce  is  involved  in  this  le.nttnti 
I  I  t  V  111.  IV  he  e  olive  I  te  el  ell  lee  t  Iv  III  .III 
en.  vm.itie  lashioii  to  halide  de  pc  n 
elellt  pidellle  Is  .Is  show  II  III  the  I'  'lie  *  vs 
lllg  le  .le  til  ill 
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j  pressure 
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halide  and  inve  lopetoxiel.ise 

n.eO.e _ _  NIK  1 

chloramines  and  other  products 

H.O,  is  converted  enzymatically  hv 
the  neutrophil  enzyme  myeloperox¬ 
idase  in  the  presence  ot  halide  to  prod¬ 
ucts  such  .is  hypochlorous  acid 
iFRX.'U  stable  chloramines,  and  other 
products.  It  has  been  suggested  th.it 
products  ot  this  reaction  arc  responsi¬ 
ble  toT  the  ability  ot  stimulated  neu¬ 
trophils  in  vitro  to  kill  endothelial 
cells. is  In  experimental  studies,  pro¬ 
tection  hv  the-  interventions  that  de¬ 
prive  the  system  ol  iron  or  scavenge 
HO'  suggests  that  perhaps  the  hulk  ot 
the  reaction  sequence-  involves  hv 
droxvl  radical  generation  rather  than 
myeloperoxidase  products  ot  H.O, 

I  he  generation  ot  the  tamilv  ot  oxv 
gen  radicals  is  demonstrated  in  a  sim 
pliticd  fashion  hv  the  following  series 
ot  equations 

l'  •  O  ,supetoxidc  anion 
(  '  V  -HO, 

Indiogcii  peroxide 
HO.  -  e  .  ( >  •  |U r 

In  diow  I  i  .idle  al  •  Oil 
HO'  •  e  .  ||(1 

Ibis  le.iction  see|uellcv  shows  the 
se.| uenu.il  rc  eliic  t  >n  t  >t  m<  dee  ula I  oxv 
gen  tluougli  a  tool  election  ttail'tci 
pi.'uw  Vldition  ot  iln  lust  election 
le-uh-  in  i  1  the  addition  ot  a  second 

election  gelHI.Iles  ||  ll  Vleiitloii  o| 
the  lllllel  e  ll  e  lie'll  111  the  piv  -e  llee  o| 

non  as  itesc  i  the  el  above  m  tin  letilon 
le  .U  t  loll  I'll  '.III.  e  s  |  |t  V  ,|||d  t  lie  1  1 11 . 1  I 
■  lelel  I  I  loll  I  ll  I  In  ll  Ull  t  ll  i  lee  1  li  'll  1  .sill  I  s 
III  ill'  lulls  lielllelel  1 1  0111  i  'I  I'Xlgell 
W  111.  ll  |s  w .lie  I 

I  'll  .1  -..e  le  V  I  l .  e  e  I  I  S  e  "  |'i  e  1 .1 1  i  X  lie  ll 
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Complement  activation  in  blood 


Inactive  al -antiproteinase  in  lung 


trophils,  macrophages,  and  mono¬ 
cytes,  are  extraordinarily  effective  in 
producing  this  family  of  oxygen  inter¬ 
mediates.  Following  stimulation  of 
the  cell  membrane  by  chemotactic 
peptides  or  lipids,  by  activation  of 
the  Fc  receptor,  or  by  a  combina¬ 
tion  of  phagocytic  stimuli  and  other 
agents,  a  membrane-associated  en¬ 
zyme,  NADPFf  oxidase,  is  activated. 
NADPH  is  the  enzyme  responsible  for 
initiating  progressive  reduction  of  mo¬ 
lecular  oxygen.19  26  This  system  is  as¬ 
sociated  with  the  main  oxygen-depen- 
dent,  bacteria-killing  mechanism  for 
ingested  microbes.27'4  If,  however, 
the  activated  region  of  cell  membrane 
is  not  rapidly  internalized  as  a  pha¬ 
gocytic  vacuole,  oxygen  products  will 
be  generated  on  the  surface  of  the  cell 
and  will  diffuse  toward  potential  tar¬ 
gets. 

It  is  now  apparent  that  many  types 
of  acute  inflammatory  reactions,  such 
as  those  induced  by  deposition  of  im¬ 
mune  complexes,  by  complement  ac¬ 
tivation,  and  by  other  means,  bring 
about  tissue  iniury  because  of  the  ac¬ 
tivation  of  phagocytic  cells  and  their 
generation  of  oxygen  radicals."  19  As 
indicated  above,  the  acute  lung  iniury 
seen  in  ARDS  may  follow  a  similar 
pathobiological  mechanism. 

The  consequences  of  oxygen  radical 
generation  in  tissues  and  in  organs 
are  multiple  and  varied  | Figure  3). 
Cytotoxicity  is  the  most  well-known 
effect  ot  oxygen  radical  formation  For 
instance,  activation  of  neutrophils  by 
phorbol  myristate  acetate  can  result  in 


the  destruction  of  red  cells  "  and  nu¬ 


cleated  cells;"’4"  it  has  been  clearly 
demonstrated  that  the  cytotoxicity  is 
due  to  oxygen  radical  generation 
There  is  chemical  evidence  that 
oxygen  radical  formation  in  tissues  is 
associated  with  chemical  changes  in 
lipids,  proteins,  and  connective  tissue 
substances  such  as  collagens  and 
glvcosammoglycans  11  *"  It  appears 
that  most  of  these  changes  are  proh- 
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Potentiation  of  leukocytic  proteases 


Generation  of  complement-derived 
chemotactic  activity 


ably  caused  by  the  oxidant  effects  of 
the  oxygen  radicals.  Cross-linking  of 
proteins  has  been  described,  and  cleav¬ 
age  of  lipids  and  peroxidation  of  lipids 
and  other  moieties  all  have  been  asso¬ 
ciated  either  in  vitro  or  in  vivo  with 
oxgen  radical  formation.42-4'-47 

Another  manifestation  of  chemical 
change  associated  with  oxygen  radical 
formation  is  that  the  chief  anti¬ 
protease  of  the  body,  al -antipro¬ 
teinase,  undergoes  a  relatively  revers¬ 
ible  activity  change  due  to  the  oxi¬ 
dative  conversion  of  a  methionyl 
residue  to  a  sulfoxide.42  Inactive  ul- 
antiproteinase  has  been  described  in 
the  bronchoalveolar  lavage  fluids  of 
patients  with  ARDS,14  as  well  as  in 
bronchoalveolar  lavage  fluids  of  ani¬ 
mals  injected  intratracheally  with  for¬ 
myl  peptides.49 

Recently  it  has  been  demonstrated 
that  oxygen  radicals  can  potentiate 
the  activities  of  leukocytic  proteases 
by  an  alteration  of  the  substrate  that 
is  not  associated  with  substrate  hy¬ 
drolysis  itself.'"  This  implies  that 
when  oxygen  radicals  have  been 
formed,  leukocytic  proteases  not  only 
are  fully  active  because  of  the  loss  of 
ul-antiprotemase,  but  also  are  actually 
potentiated  because  of  subtle  confor¬ 
mational  changes  in  their  substrates. 

Finally,  there  is  now  preliminary  ev¬ 
idence  that  oxygen  radicals  have  the 
ability  to  generate  chemotactic  ac¬ 
tivity  in  serum  that  appears  to  he  re¬ 
lated  to  the  fifth  component  ot  the 
complement  ’>  The  mechanism  hv 
which  oxygen  radicals  bring  about  ac¬ 
tivation  ot  the  complement  system 
has  vet  to  be  determined 


Conclusion 

It  seems  clear  that  oxygen  radicals 
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Fig.  2.  ARDS  and  evidence  for  linkage 
to  neutrophils  and  complement 
activation. 


Fig.  3.  Consequences  of  oxygen  radi¬ 
cal  formation. 


play  an  important  biological  role  in 
ARDS  and  in  the  other  experimental 
models  cited.  Oxygen  radicals  also 
may  be  important  to  other  biological 
reactions.  It  has  been  demonstrated 
that  immune-complex-induced  lung 
injury  and  glomerulonephritis  are  as¬ 
sociated  with  oxygen  radical  produc¬ 
tion,  and  that  interruption  of  this  pro¬ 
cess  will  protect  the  tissue  from 
injury.'2" 

There  is  also  evidence  that  ischemia 
and  ischemic  reperfusion  injury  of  the 
heart  and  of  the  small  bowel  are  asso¬ 
ciated  with  oxygen  radical  production. 
This  may  be  caused  by  activated 
phagocytic  cells  or  by  tissue-as¬ 
sociated  enzymes.  Xanthine  de¬ 
hydrogenase  is  converted  during  is¬ 
chemia  to  xanthine  oxidase,  which 
then  has  the  potential  to  generate  Oy“ 
in  tissues.'4'6  Even  the  diffuse  vas¬ 
cular  iniury  associated  with  experi¬ 
mental  malaria'7  and  the  progressive 
neurological  symptoms  associated 
with  allergic  encephalomyelitis'*  have 
been  found  to  be  associated  with  oxy¬ 
gen  radical  production  Interventions 
that  interfere  with  hydroxyl  radical 
formation  are  markedly  protective  in 
these  experimental  disease  states. 

Thus  there  is  accumulating  evi¬ 
dence  that  oxygen  radicals  are  impor¬ 
tant  in  a  wide  variety  of  diseases. 
Continued  study  of  their  mechanisms 
of  formation  and  biological  effects  will 
yield  important  clues  for  intervention 
in  ARDS  and  in  other  human  1 1 1  - 
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SPECIAL  CONTRIBUTION 

opioids  shock  Ihyrolropii'  ri'lc.is  ■  ii ]  horn  oho 


Naloxone  and  TRH  in  the  Treatment  of  Shock 
and  Trauma:  What  Future  Roles? 


Indugenous  opioid  peptides  lire  released  in  response  to  stressful  situations, 
such  us  circulatory  shuck,  hath  us  hurmnnes  iind  us  centred  nnd  peripheral 
netirntriinsmittcrs.  Xednsanc.  an  opiate  antagonist.  improves  cariho\iiscular 
Inaction  in  a  variety  nl  animal  models  ot  shock  causal  hv  endotosemia. 
hemorrhage,  anaphylaxis,  or  spnnd  trauma.  Administration  ot  thyrotropin 
releasing  hormone  1 1  Kill  in  supraphvsiologic  doses  iilsn  Inis  pressor  cited s 
in  these  shock  models  (liven  acutely  titter  ninny.  TRH  improves  recovery  in 
models  ot  spinal  trauma:  however,  the  experimental  cited s  ot  TRII  do  not 
invoke  action  at  the  ophite  receptor.  Clinical  eviiluation  ot  the  use  ot  nalox 
one  in  patients  with  shock  Inis  been  largely  limited  to  treatment  ot  sepsis 
I  he  paucity  ot  prospector,  randomized  trails  makes  these  cluneal  data  dit 
ticult  to  evaluate,  hut  in  septic  patients  the  use  ot  naloxone  does  not  seem 
to  improve  survival.  Ihe  use  ot  naloxone  in  shock  ot  other  etiologies  has  not 
been  clinically  invest igated.  iind  mav  hold  greater  promise  Acute  plnise 
treatment  ot  spinal  trauma  victims  with  I'RII  is  currently  undergoing 
clinical  trails,  /lie rnlott  /  IV,  Naloxone  and  I'RII  m  the  treatment  ot  shock 
ami  trauma  W'liat  future  roles?  Ann  I  nierg  Med  August  tos  t.  I  I  TN  7  Vi  / 

Introduction 

The  physiological  role  ot  the  endogenous  opiate  peptides  has  been  the  sub 
leet  ot  intense  research  and  continuing  speculation  since  they  were  dis¬ 
covered  ten  years  ago.  They  are  members  ot  a  family  ot  small  "regulatory" 
peptides,  marked  by  distribution  mainly  m  the  gut  and  in  both  the  central 
and  peripheral  nervous  systems,  t  hese  substances  display  a  broad  range  ot 
activities  which  challenge  earlier  ideas  about  the  nature  ot  neurotransmitters 
and  endocrine  function  A  body  ot  evidence  implicates  these  opiate  peptides, 
or  opioids,  as  contributing  to  physiologic  alterations  seen  m  circulatory 
shock.  This  evidence  is  derived  primarily  from  experiments  using  naloxone, 
a  specific  receptor  antagonist  ot  narcotics  and  ot  endogenous  opioids.  Nalox 
one  has  been  shown  to  improve  hemodynamics  m  a  variety  ot  animal  mod 
els  ot  hemorrhagic,  septic,  and  neurogenic  shock  Other  regulatory  peptides, 
such  as  thyrotropin  releasing  hormone  |  IKH>  and  glucagon,  improve  hemo¬ 
dynamics  m  experimental  shock  models  and  may  eventually  be  ot 
therapeutic  use  ill  shock  and  trauma 

Biosynthesis,  Localization  &  Release  of  Endogenous  Opioids 

A  remarkable  variety  ot  opioid  peptides  have  been  identified  in  animal 
tissues  and  secretions  I  hcv  are  grouped  in  three  families,  each  consisting  ot 
varied  cleavage  products  ot  one  ot  three  unic|uc  precursor  molecules  |  table1  1 
I  irst  described  were  methionine  enkephalin  and  leucine  enkephalin,  which 
contain  live  ammo  acids  and  diltci  only  in  their  carboxc  tetmimis  ammo 
acid  Most  opioid  peptides  share  the  "  Ivi  C  .lv  t.lv  Hie'  scc|iicncc  ot  the 
enkephalins  at  then  ammo  terminus,  but  lack  other  scc|iiciicc  homologc  and 
vary  markedly  m  length  1  lie  "enkephalin  scenic-nee"  seems  to  be  icepmcd  Im 
binding  at  the  opiate  receptor  l  tsmg  these  and  other  st r i ic  t n i v  activity  icla 
tioiislnps  numerous  pharmaceutically  active  opioid  peptide  analogues  have 
been  svntllcsiccel 

Beta  endorphin  ill  !  I'i.  a  i|  amino  acid  peptide  was  Inst  isolated  from  the 
intermediate  li  ibe  ot  the  pit  ml  arc  gland  All  e  tide  uphills  an  c  le  avage  pi  ml  tie  ts 
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TABLE.  ( )pund  peptides  and  precursor* 


_ Precursor _  Active  Peptide 

Proopiomelanocortin  (POMC)  Beta-endorphin  (B-E') 

Pro-enkephalin  A  Met-enkephalin 

Leu-enkephalin 

Pro  enkephalin  B  Dynorphin 


ut  the  larger  preturu-r  pro- 
npiomelanocortin  [I’OMt.'l,1  which 
contains  the  amino  acid  sequences  of 
MSH,  ACTH,  and  the  endorphins.  Re¬ 
lease  of  ACTH  from  the  pituitary  is 
usually  accompanied  bv  release  ot  en¬ 
dorphins,  and  both  circulate  in  a  hor 
monal  fashion.  Shortened  and  acctv 
lated  endorphin  fragments  are  also 
found  in  the  circulation  and  con¬ 
stitute  part  ot  what  has  been  mea¬ 
sured  by  radioimmunoassay  as  en¬ 
dorphin-like  tmmunoreactivitv  in 
body  tissues  and  fluids.  ROME  also 
has  been  found  in  the  human  adrenal 
cortex,  B-LP  is  also  found  in  brain 
neurons  grouped  in  the  arcuate  nu¬ 
cleus  and  m  restricted  areas  ot  hy¬ 
pothalamus  as  well  as  the  nucleus 
tractus  sohtarius  These  neurons  have 
long  axons  protecting  rostrally  and 
caudallv  to  distant  hram  structures. 
Although  pituitary  beta  endorphin  is 
released  m  a  hormonal  fashion,  the 
target  tissues  tor  this  circulating 
opioid  remain  unknown  Recently 
lymphocytes  have  been  reported  to  re¬ 
lease  ACTH  and  endorphins  in  re¬ 
sponse  to  stimulation  with  virus  or 
endotoxin  .  ’  This  may  he  another 
source  ot  circulating  opioids  during 

sepsis 

The  enkephalins  are  derived  from 
then  own  larger  precursor,  pro -en¬ 
kephalin  A  1  Large  amounts  ot  met- 
and  leu  enkephalin,  together  with  cat¬ 
echolamines.  are  found  within  the 
dense  secretory  granules  ot  the  adre 
ii. il  medulla,  which  appears  to  be  the 
mam  source  ot  calculating  enkephalin 
peptides  Stimulation  ot  the  splanch 
me  ncivc  releases  enkephalins  and 
catecholamines  Irnm  the  medulla  into 
c  lie  illation  Enkephalins  have  a  \crv 
short  plasma  halt  hie  due  to  rapid  cleg 
r. relation  In  specific  endopept  id.ises 
I  iikephalms  also  are  piesent  m  svm 
pathetic  ganglia  and  myenteric  nerve 
pli  xi  Along  with  otliei  lleiuopeptides, 
dike  plialrris  appeal  to  have  entrails 
millc  i  tunc  lions  at  the  se  autonomic 
synapses  1  In  e outlast  in  endorphins 
in  tin  centl.il  rictcoiis  s\  sic  an  ,GNV. 
i  like  phallus  arc  tourid  in  i  at  her  drt 
tuscly  clist r ibiitc  d  slinit  line  r in nrons 

m  the  periaqueductal  and  limbic  .lie  as 
<>l  tin  brain  in  tile  aim  mi  nine  nuc  le  i 
ut  tin  brain  'lc  m  ami  hypothalamus 
and  in  tin  dorsal  limii  ol  ilu  spinal 
cord  I  Ihi  i  loc  al  i  al  ion  ill  s\  n.rpl  ic 
cesiclcs  si  -gists  a  in  nun  lansnnttc  i 
t  ci  r  it  la  m 

iKnoipInn  and  its  nland  peptides 
well  ell  sc  e  i\  t  I  tel  most  leeilltlv  and 


were  first  isolated  from  the  posterior 
pituitary.  Dynorphin  appears  to  be 
processed  at  different  sites  from 
enkephalin  and  endorphin,  from  a 
unique  precursor  called  proenkephalin 
B.  Apparently  dynorphin  is  secreted 
into  the  circulation  from  the  posterior 
pituitary  in  a  manner  similar  to  that 
ot  vasopressin  In  the  CNS,  dynorphin 
immunorcacti vity  is  found  in  cell 
bodies  and  neurons  in  areas  ot  the 
brain  stem,  spinal  cord,  anterior  hy¬ 
pothalamus.  and  substantia  nigra.  Pe¬ 
ripherally  dynorphm-containmg  nerve 
fibers  have  been  identified  m  the  pre- 
vertcbral  sympathetic  ganglia  and  in 
the  myenteric  and  submucosal  enteric 
ganglia 

In  general,  most  cells  do  not  release 
their  stores  ot  opiate  peptides  steadily 
Instead,  when  homeostasis  is  dis 
rupted  bv  stress  such  as  pain  or  hy  po¬ 
tension.  endogenous  opioids  are  elabo¬ 
rated  hv  their  respective  tissues  This 
is  demonstrated  bv  the  remarkable  ab¬ 
sence  ot  etleet  ot  the  opioid  antagonist 
naloxone  on  body  temperature,  cardio¬ 
vascular  parameters,  feeding  behavior, 
and  so  torch  m  nonstressed  resting 
animals  1  During  circulatory  shock, 
however  with  or  without  sepsis,  pain, 
oi  thermal  stress,  naloxone  alters 
many  ot  the  physiologic  and  bcliav- 
ioi.il  responses  observed,  implying 
th.it  activation  ot  endogenous  opiate 
systems  is  contributing  to  those  re¬ 
sponses 

Historically  pain  and  circulatoiv 
shock  have  been  closely  linked  hv 
clinicians.  Shock  accompanying  sui 
gerv,  traumatic  iniurv.  or  tehrile  illness 
was  recognired  m  the  ISth  and  |9th 
centuries,  and  yvas  thought  to  be  the 
lesult  ol  a  perturbation  ot  nervous  svs 
t c  n i  tunctiou  As  late-  as  ISWv  the  pin 
ski. m  Eugene  Boise  \eiote,  "Shock  is 
not  severe  hemorili.i.;.  ior  does  hem 
oirhagc  imply  sin  it  Shock  is  pm 
found  it  rit.it  ion  ot  the  entire  svm 
pathetic  nervous  system  acting 
ihnuigh  a  neive  eentei  upon  t  lie- 


heart."  By  1890,  a  Cincinnati  surgeon 
named  George  Crilc  began  physiologic 
studies  relating  clinical  shock  to  a  fall 
m  blood  pressure.  Eventually  apprecia¬ 
tion  ot  the  hemodynamic  aspects  of 
the  shock  state  led  to  an  appropriate- 
therapy  volume  expansion,  which  was 
well  established  by  the  end  of  World 
War  I  Since  then,  the  modem  view  ot 
shock  as  a  hypovolemic  phenomenon 
has  at  times  obscured  the  earlier  ap¬ 
preciation  that  a  CNS  mechanism  was 
intimately  involved  in  the  cardiovas¬ 
cular  derangements  ot  shock.  The 
pressor  ettccts  ot  naloxone  in  cir¬ 
culatory  shock  -  have  been  interpreted 
as  evidence  that  endogenous  opioids 
plav  a  key  role  m  CNS  mechanisms 
contributing  to  circulatory  dishomeo- 
stasis,  thus  redirecting  attention  to  an 
older  interpretation  ot  the  clinical  pic¬ 
ture  we  call  shock 

Opiate  Antagonists  in 
Septic  Shock 

Intravenous  administration  ot  endo¬ 
toxin  (widely  used  as  a  model  tor  sep¬ 
tic  shock!  results  in  a  rapid  and  pre¬ 
cipitous  tall  in  blood  pressure  in 
conscious  rats.  Based  oil  the  hypoth¬ 
esis  that  endogenous  opioids  activated 
bv  the  stress  ot  shock  might  act  like 
large  doses  ot  morphine  to  depress  cir¬ 
culatory  function  further,  naloxone 
was  tested  using  this  model,  and  y\as 
found  to  reverse  rapidly  the  acute  In 
potension  that  occurs  with  endotox 
in  '  Other  experiments  extended  these 
findings.  In  rat  endotoxie  shock,  the 
improvement  in  blood  pressure,  lol 
lowing  naloxone  administration  was 
found  to  be  dose  related  and  steten 
specific  Hie  minimum  effective  dose 
yvas  0.1  mg  kg,  and  the  stereo  isomei 
ol  naloxone  which  does  not  bind  at 
opiate  lee  cpt  oi  s  vv.is  melted  ivc  at 
equmiol.il  doses  -• 

Reynolds  and  enumkers  admin 
istcicd  naloxone  D  me  kg  bolus  tol 
lowed  by  .’  mg  kg  In  infusion  m 
saline  to  dogs  made  hypotensive  by 
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infusion  of  E  coli.  Dogs  given  nalox-  terns  Naloxone  improved  blood  pres-  during  shock,  and  results  in  dimin 

one  had  improved  arterial  pressure,  sure  and  cardiac  output  in  dogs  sub  ished  responses  to  endogenous  or  ex 

and  this  was  found  to  be  due  to  in-  jetted  to  acute  arterial  hemorrhage.1,  ogenous  catecholamines  11  None- 

creased  cardiac  output  and  ventricular  Total  peripheral  resistance,  heart  rate,  theless  it  might  be  advantageous 

contractility.  Peripheral  vascular  re-  and  portal  venous  pressure  were  un-  during  the  course  ol  resuscitation  and 

sistance  was  unaffected.  Twenty-four-  changed.  Additional  studies  with  this  definitive  treatment  to  reverse  such 

hour  survival  was  significantly  1m-  model  showed  that  increasing  doses  of  adaptive  functions  ol  endogenous 

proved  by  naloxone  treatment.  Inves-  naloxone  produced  progressive  in-  opioids  activated  with  shock  Well 

tigators  working  with  live  £  co/i  creases  in  cardiovascular  performance  controlled  clinical  trials  and  addi- 

sepsis  in  pigs,  dogs,  horses,  and  mon-  as  well  as  survival.1'"  Recently  nalox-  tional  research  into  opioid  media 

keys  have  demonstrated  that  naloxone  one  treatment  was  shown  to  improve  msms  are  needed 

treatment  can  attenuate  granulocyto-  circulatory  function  and  increase  sur-  Recognition  that  doses  of  naloxone 

penia,  acidosis,  hemoconcentration,  vival  following  severe  hemorrhage  in  that  are  effective  in  treating  shock  are 

and  hypotension. s  cynomolgus  monkeys.1’  two  to  three  times  greater  than  doses 

Circulating  beta-endorphin  levels  that  maximally  antagonize  opiate  an 

are  elevated  during  endotoxemia  in  Factors  Affecting  Response  to  algesia  led  to  investigation  and  charac 

monkeys  and  sheep,  as  well  as  in  Naloxone  terization  of  the  opiate  receptor  in¬ 
human  patients  suffering  from  sep-  Despite  the  experimental  data  pre-  volved  in  shock.  There  are  several 

sis.K  ')  Whether  this  is  simply  a  marker  sented  above,  the  clinical  indications  subtypes  of  opiate  receptors  that  me 

of  the  endocrine  pituitary  response  to  tor,  and  efficacy  of,  naloxone  remain  diate  different  effects  and  are  distm 

stress  (and  causally  unrelated  to  cir-  to  be  established.  Animal  studies  have  guished  hv  their  avidity  tor  binding 

culatory  depression!  remains  open  to  shown  significant  species  variability  different  opioid  ligands.1  1  The  "mu" 

question,  as  is  whether  the  site  of  ac-  in  septic,  hemorrhagic,  and  anaphylac-  receptor  is  primarily  responsible  tor 

tion  of  naloxone  is  central,  peripheral,  tic  shock  models  in  experiments  uti  the  analgesic  effects  of  morphine.  The 

or  both  Intracerebroventncular  injec-  lizing  a  wide  range  of  therapeutic  "delta"  receptor  mav  be  more  involved 

tion  of  naloxone  partially  reverses  hy-  agents,  and  this  variability  applies  to  in  autonomic  responses  to  opiates  |ie, 

potension  following  intravenous  endo-  naloxone  as  well  For  example,  Ffm  in  shock!.  Naloxone  preferentially  an 

toxin;'  however,  mtraeoronary  artery  shaw  found  that  naloxone  increased  t agonizes  mu  receptors  more  than  del 

injection  of  naloxone  in  amounts  too  blood  pressure  and  survival  following  ta  receptors;  therefore,  higher  doses  of 

small  to  be  effective  intravenously  im-  live  £  coh  infusion  in  the  dog,  where  naloxone  may  be  needed  to  overcome 

proves  blood  pressure  and  cardiac  con-  sepsis  causes  a  hypodynanne  cir-  its  lower  affinity  tor  delta  receptors 

tractility  following  hemorrhagic  shock  culatory  response.1''  In  the  baboon.  The  (1.4-mg  inL  dosage  vial  of  nalox 

in  dogs  111  which  manifests  first  a  hyperdvnamic  one  available  tor  reversal  of  opiate  an 

Recent  evidence  suggests  that  en-  response  to  sepsis  (as  does  man),  early  algesia  and  respiratory  depression  rep 

kcphalins  can  inhibit  chronotropic  treatment  with  naloxone  increases  resents  less  than  O.OOS  mg  kg  in  an 

and  vascular  contractile  responses  to  mortality.114  Additional  baboon  studies  K()-kg  human  being  As  noted  above, 

catecholamines  in  vitro.111-’  Nalox-  now  suggest  that  when  naloxone  is  considerably  higher  doses,  usually  he 

one  could  act  peripherally  in  vivo  to  given  later,  during  the  hypodynanne  tween  1  and  s  mg  kg,  have  been 

antagonize  this  effect.  Naloxone  also  phase,  mortality  seems  to  be  de-  efficacious  m  most  of  the  expenmen 

may  have  an  action,  not  opiate-reeep-  creased  with  naloxone  (L  Hmshaw,  tal  animal  studies  Use  of  main  of  the 

tor-mediated,  to  inhibit  superoxide  personal  communication!  Shock  stud  available  0  4  mg  r  ials  to  attain  high 

production  by  activated  neutrophils  les  in  animals  often  do  not  show  cor  dosages  in  human  beings  is  imprne 

(personal  communication,  C  Simp-  relation  between  acute  improvements  tical,  and  introduces  a  possible  risk  of 

kins).  Such  neutrophils  are  thought  to  in  arterial  pressure  and  increased  sur  toxicity  from  the  preservative  in  these 

play  a  role  in  adult  respiratory  distress  vival.  Our  incomplete  knowledge  of  vials 

syndrome  (ARDSI  following  shock.  the  physiologic  role  of  endogenous  An  expenment.il  delta  receptoi  an 

Both  beta-endorphin  and  acetylated  B-  opioids  in  shock  limits  our  under  tagonist.  M I S4.I >)  revctscs  cndotoxic 

EP  enhance  neutrophil  chemotaxis  in  standing  of  the  mechanisms  of  nalox  shock  in  lots  at  doses  that  have  no  sig 

vitro  in  physiologic  concentrations.11  one's  actions  in  shock  mticunt  effect  on  morphine  analgesia 

Naloxone  also  has  been  found  to  pre-  It  seems  unlikely  that  the  endo-  In  spinal  trauma  ot  ischemia  the 

vent  the  increased  pulmonary  platelet  genous  opioid  systems  have  evolved  opiate  peptide  dvnotphm  which  binds 

trapping  and  platelet  aggregation  seen  without  being  an  adaptive  response  prefeientiallv  to  tlu  kappa  opiate  ic 

ill  endotoxin-shocked  dogs.11  Scqucs  contributing  to  survival  In  the  face  of  ccptot1  has  been  implicated  as  a  possi 

tration  and  degranulation  of  platelets  untreated  hemorrhage,  hypotension  ble  conttihutoi  to  neurologic  p.uho 

and  neutrophils  in  the  lung  is  thought  will  reduce  blood  loss,  sedation  In  physiology  '  '  Studies  aic  in  piogtess  to 

to  be  a  causal  factor  of  ARDS  pothcrmia.  and  immobility  reduce  evaluate  theiapv  with  specific  kappa 

metabolic  demands  of  hvpopcrtuscd  antagonists  ui  spinal  iiauma  and  is 
Opiate  Antagonists  in  tissues  Additionally  it  peripheral  ef  chemi.i  models  Because  naloxone  is 

Hemorrhagic  Shock  feets  of  opioids  include  dcsensmzu-  onlv  a  weak  antagonist  at  the  kappa 

Acute  hemorrhage  produces  pro  turn  of  adrenergic  receptors  this  icccptoi  l.ugc  doses  an  u  e|uiic  d  to  u 

found  neuroendocrine  changes,  in  could,  m  theory,  decrease  the  down  wise  hypotension  and  impiove  mu 

eluding  increased  catecholamine  and  regulation  ot  these  receptors  which  tologic  outcome  in  such  models 

vasopressin  release  This  stress  also  occurs  quite  rapidly  in  the  lace  of  in  Blood  pH  ultets  the  effect'  ol  opiate 

could  activate  endogenous  opiate  svs-  tense  sympatho  medullary  outflow  agonists  and  antagonists  Indeed 
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Gurll  et  al1’  have  shown  that  in 
monkeys  subjected  to  hemorrhagic 
shock,  the  greater  the  acidosis,  the 
less  the  hemodynamic  response  to 
naloxone.  Thus  correction  of  systemic 
acidosis  may  be  necessary  to  permit 
maximal  response  to  naloxone.  This  is 
also  the  case  with  the  catecholamines. 
The  hemodynamic  response  to  nalox¬ 
one  in  cndotoxic  and  hemorrhagic 
shock  also  has  been  shown  to  be 
blunted  by  cold  ambient  tempera¬ 
ture.1'7  |y-’n  The  reasons  for  this  effect 
are  unknown. 

Naloxone  in  Neurogenic  Shock, 
Spinal  Injury  &  Ischemia 

Neurogenic  shock,  characterized  by 
hypotension  and  other  autonomic  dys¬ 
function  following  acute  spinal  cord 
transection,  responds  to  treatment 
with  naloxone.  In  anesthetized  cats, 
rapid  cord  transection  at  C6-7  pro¬ 
duced  transient  hypertension  followed 
by  protracted  hypotension.  This  hypo¬ 
tension  was  rapidly  and  stereospe- 
cifically  reversed  by  (-)naloxone  given 
IV  or  intracerebroventricularly.-’"  This 
suggests  that  hemodynamic  responses 
to  naloxone  after  spinal  transection 
are  mediated  by  opiate  receptors  with¬ 
in  the  CNS,  perhaps  involving  vagal 
efferent  pathways.  Further  studies  ex¬ 
amined  naloxone  treatment  following 
spinal  mtury.  Acute  cervical  cord  111- 
lury  was  produced  in  anesthetized 
cats,  resulting  in  severe  spastic  quad 
riparesis  m  control  animals  In  con¬ 
trast,  iniection  ot  naloxone  as  long  as 
tour  hours  following  iniury  not  only 
improved  hemodynamic  variables  and 
spinal  cord  perfusion  acutely,  but  also 
significantly  reduced  permanent  neu¬ 
rologic  impairment  measured  follow¬ 
ing  a  six-week  recovery  period.’1 

In  rabbits,  20 -minute  occlusion  ot 
the  mtrarcnal  aorta  produces  an  ante¬ 
rior  spinal  artery  occlusion  syndrome 
with  development  ot  permanent  hind 
limb  paralysis  in  more  than  90"..  ot 
the  animals  Pre-treatment  with  nalox¬ 
one  |2  mg/kgl  significant ly  reduces 
this  neurologic  deficit  at  24  and  4K 
hours  1  Unlike  m  studies  ot  cndotox¬ 
ic  shock,  delta  selective  opiate  recep¬ 
tor  antagonists  are  without  cltect  on 
tord  ischemia  models,  while  the  mu 
and  kappa  selective  antagonist  WIN 
44,441  does  decrease  residual  neu¬ 
rologic  damage 

TRH  in  Spinal  Injury  & 
Anaphylactic  Shock 

Ihvrotropin  releasing  hormone 


[TRH],  a  tripeptide  hypothalamic  re¬ 
leasing  factor,  has  potent  physiologic 
and  behavioral  actions  when  given 
parenterally  at  pharmacologic  doses.-' 
These  actions  are  independent  of  its 
endocrine  effects  on  thyroid-stimulat¬ 
ing  hormone  [TSHI  release.  Supra- 
physmlogic  doses  of  TRH  result  in 
arousal  and  in  increased  respiration, 
peristalsis,  hody  temperature,  pupil 
size,  heart  rate,  and  arterial  pressure. 
Observations  of  these  effects,  all  op¬ 
posite  those  of  opioids,  prompted  a 
trial  of  TRH  as  a  physiologic  an¬ 
tagonist  of  opioid  effects.  TRH 
was  shown  to  reverse  the  cataleptic 
and  hypothermic  effects  of  beta-en¬ 
dorphin. 21  It  was  shown  also  that 
TRH  does  not  antagonize  the  anal¬ 
gesic  effects  of  heta-endorphin  or  mor¬ 
phine,  and  does  not  hind  to  the  opioid 
receptor.  As  does  naloxone,  TRH  im¬ 
proves  blood  pressure  in  spinal,  septic, 
and  hemorrhagic  shock  models. s  Un¬ 
like  naloxone,  TRH  has  marked  direct 
pressor  and  behavioral  effects  in  nor- 
motensive,  nonstressed  animals  and 
human  beings. 

The  pressor  response  seems  to  be 
mainly  the  result  of  an  increase  in 
total  peripheral  resistance,  rather  than 
the  result  of  improved  cardiac  func¬ 
tion.--’  While  the  effects  of  naloxone 
m  shock  provide  evidence  for  the  con¬ 
tributory  role  ot  endogenous  opioid 
systems  in  shock,  the  effects  of  TRH 
in  shock  merely  demonstrate  this  pep¬ 
tide's  known  pharmacologic  effects, 
without  yielding  similar  insight  into 
CNS  mechanisms  specific  to  shock 
TRH  does  possess  a  practical  advan¬ 
tage  m  the  circumstances  ot  traumatic 
iniury:  it  does  not  act  as  naloxone- 
does  to  reverse  narcotic  analgesia. 

TRH  has  been  investigated  as  a 
therapy  following  spinal  cord  iniury 
After  blunt  trauma  to  the  exposed 
dura  ot  the  cervical  cord  in  anesthe¬ 
tized  cats,  TRH  improved  blood  flow 
to  the  cord,  improved  hypotension, 
lessened  the  severity  and  incidence  ot 
pulmonary  edema,  reduced  mortality, 
and  reduced  the  chronic  neurologic 
deficit  M  Fins  last  ettect  was  seen 
with  micctinn  ot  TRH  as  long  as  24 
hours  after  spinal  cord  miurv  In  a 
tour-wav  comparison  using  the  cold 
trauma  model  described  above.  I  RH 
was  found  to  be  more  effective  in  im¬ 
proving  neurologic  outcome  than  was 
naloxone,  which  was  m  turn  moic 
effective  than  saline  m  high  dose  dc\ 
amethasone  ’■ 

Ihc  mechanism  of  this  FRH  effect 


probably  involves  more  than  a  tran¬ 
sient  improvement  in  arterial  blood 
pressure.  Intracellular  calcium  flux, 
oxygen  radicals,  and  disturbed  micro- 
circulation  all  have  been  implicated  in 
the  progression  of  spinal  iniury,  and 
could  be  affected  by  naloxone  or  TRH 
therapy.  Six-fold  elevation  of  plasma 
met-enkephalin  levels  has  been  re¬ 
ported  in  spinal  shock  patients;  in  the 
same  group,  treatment  with  2  mg 
TRH  decreased  met-enkephalin  levels 
to  the  normal  range. 2i-  This  suggests 
that  TRH  may  alter  the  release  or  dis¬ 
tribution  of  opioids  following  spinal 
injury.  TRH  has  been  given  to  human 
beings  in  doses  of  up  to  S(X)  mg  |IV 
during  several  hoursl  without  dan¬ 
gerous  side  effects.  Studies  of  the  safe¬ 
ty  of  TRH  in  acute  spinal  iniury  pa¬ 
tients  are  near  completion,  and  con¬ 
trolled  clinical  studies  are  scheduled 
to  begin  shortly. 

Preliminary  studies  suggest  also 
that  TRH  may  be  a  useful  therapy  for 
anaphylactic  shock.  The  hemo¬ 
dynamic  effects  of  TRH  seem  well 
suited  to  correct  the  primary  abnor¬ 
mality  in  this  form  of  shock,  le,  mas¬ 
sive  vasodilation.  Moreover,  anaphy¬ 
lactic  shock,  and  the  "anaphylactoid” 
shock  induced  experimentally  with 
cobra  venom,  platelet-activating  fac¬ 
tor,  or  leukotriene  1)4,  are  often  quite 
resistant  to  conventional  therapy.  In 
animal  models,  anaphylactic  and  ana¬ 
phylactoid  shock  are  reversed  much 
more  effectively  by  TRH  than  by 
naloxone.-’6 

Reported  Experience  with 
Naloxone  in  Shock 

Most  of  the  published  reports  of 
naloxone  treatment  of  shock  are  cast- 
reports  that  lack  randomized  controls. 
Most  ot  these  reports  pertain  to  pa¬ 
tients  with  septic  shock  whose  oli¬ 
guria.  hypotension,  and  decreased 
mental  status  were  unresponsive  to 
steroids,  volume  expansion,  and  press¬ 
or  catecholamines  Although  some  of 
the  patients  responded  to  varying 
doses  of  naloxone  with  rapid  improve¬ 
ment  m  blood  pressure,  it  is  unclear 
whether  the  naloxone  interventions 
led  ultimately  to  anv  increase  in  sur 
vival  One  randomized,  controlled 
trial  in  sT  patients  compaicd  maximal 
standard  therapy,  including  continu¬ 
ous  dopamine  and  high  dose  methyl 
picdmsolonv  with  tile  same  therapy 
plus  0  01  nig  kg  naloxone  followed  hv 
0  I  mg  kg  naloxone  1  Significant  m- 
i  leases  wctc  noted  in  systolic  blood 
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pressure  and  left  ventrieular  stroke 
work  index,  as  well  as  in  circulating 
epinephrine  and  norepinephrine,  fol¬ 
lowing  naloxone  therapy.  None  of 
these  changes  was  seen  during  the 
course  of  therapy  in  the  control  group. 
No  increase  in  survival,  however,  was 
noted  in  the  naloxone-treated  group. 

Peters  and  colleagues  reported  a  se¬ 
nes  of  M  adult  patients  suffering  sep¬ 
sis  who  were  treated  with  doses  of 
naloxone  ranging  from  0.4  mg  to  8 
mg.’H  In  nine  patients  without  adre¬ 
nocortical  suppression,  naloxone  re¬ 
sulted  in  a  mean  increase  of  systolic 
HP  from  79  ±  2  mm  Hg  to  109  ±  4 
mm  Hg.  Only  three  of  the  nine  pa¬ 
tients  ultimately  survived,  however. 
Four  patients  with  prohahle  adreno¬ 
cortical  insufficiency  did  not  show  a 
significant  pressor  response  to  nalox¬ 
one 

Catherton  et  al  reported  that  three 
newborns  with  Group  B  streptococcal 
sepsis  were  treated  with  0.1  mg/kg 
naloxone  following  continued  hypo 
tension  with  conventional  therapy 
Systolic  pressure  increased  by  a  mean 
of  21%  ±  4%,  and  two  of  the  infants 
survived.  -v 

Groeger  et  al  reported  the  cases  of 
ten  patients  with  refractory  septic 
shock  who  were  treated  with  O.d  mg/ 
kg  naloxone.  Five  patients  responded 
to  naloxone;  in  those  patients,  systolic 
HP  improved  from  a  mean  of  8d  ±  4 
mm  Hg  to  MO  ±  16  mm  Hg,  and  left 
ventricular  stroke  work  index  im¬ 
proved  by  more  than  25%.  No  im¬ 
provement  in  ultimate  survival  in 
the  naloxone-responsive  group  was 
found. 1,1 

At  doses  ranging  between  0.01  mg/ 
kg  and  0.2  mg/kg,  naloxone  was  ad¬ 
ministered  to  IS  patients  who  had  re¬ 
fractory  hypotension  following  men¬ 
ingococcal  sepsis  11  Only  three  pa¬ 
tients  showed  a  sustained  increase  in 
mean  arterial  pressure  of  greater  than 
20  nun  Hg  following  naloxone  admin¬ 
istration  Only  four  of  the  IS  patients 
survived,  The  adrenocortical  function 
of  these  patients  was  not  assessed,  hut 
it  is  a  function  that  is  often  impaired 
following  meningococcal  septic  shock 
It  has  been  hypothesized  by  Peters-** 
that  adrenocortical  function  is  re 
q u i red  tor  naloxone  to  improve  hemo¬ 
dynamics  ui  the  shock  state 

Bernard  et  al*’  administered  nalox¬ 
one  within  24  hours  following  acute 
myocardial  infarction  in  20  patients 
Light  patients  in  cardiogenic  shock 
and  unresponsive  to  IV  dopamine 


showed  an  increase  in  systolic  blood 
pressure  greater  than  20  mm  Hg  fol¬ 
lowing  0.4  mg  to  4  mg  IV  naloxone; 
three  of  these  patients  survived.  Five 
patients  with  bradycardia  and  hypo¬ 
tension  following  inferior  myocardial 
infarction  were  treated  with  4  mg  IV 
naloxone  and  they  responded  with  im¬ 
provement  of  heart  rate  and  blood 
pressure.  These  authors  did  not  state 
whether  atropine  was  also  used.  Three 
of  their  five  patients  reported  chest 
pain  following  naloxone.  The  authors 
did  not  state  whether  any  new  is¬ 
chemic  changes  on  ECC.  occurred  at 
this  time.  Six  patients  with  uncompli¬ 
cated  myocardial  infarcts  and  normal 
heart  rate  and  blood  pressure  received 
4  mg  naloxone  with  no  change  in 
these  parameters  and  no  subiective 
side  effects. 

In  a  recently  puhlished  study,  Rock 
and  coworkers"  reported  that  up  to 
LI  mg/kg  naloxone  was  administered 
to  12  septic  patients  who  were  unre¬ 
sponsive  to  volume  replacement  and 
vasopressors.  Hypovolemia,  acidosis, 
and  hypoxemia  were  corrected  before 
the  protocol  was  begun;  then  hemo¬ 
dynamic  baseline  measurements  were 
obtained.  Only  four  patients  respond¬ 
ed  to  naloxone  with  increases  in  MAI’ 
Statistical  analysis  revealed  no  signifi¬ 
cant  change  in  any  hemodynamic 
parameter  following  treatment  with 
naloxone.  Furthermore,  tour  patients 
had  adverse  side  effects  following 
naloxone,  including  pulmonary 
edema,  abrupt  hypotension,  and  grand 
mal  seizure. 

Taken  together,  the  clinical  reports 
to  date  deal  mainly  with  septic  shock. 
Entry  criteria  for  formal  studies  gener¬ 
ally  have  included  shock  refractory 
to  treatment  with  antibiotics,  vaso¬ 
pressors,  volume  expansion  and,  in 
some  cases,  steroids.  The  clinical 
groups  included  in  such  septic  shock 
studies  display  extensive  and  often 
prolonged  hemodynamic  compromise, 
multiple  metabolic  abnormalities,  and 
(often!  extensive  underlying  disease  or 
multi-organ  failure,  or  both.  The  fre¬ 
quent  lack  of  response  to  naioxone  in 
this  population,  in  contrast  to  experi¬ 
mental  animal  studies,  is  not  surpris¬ 
ing.  Animal  studies  use  healthy  ani¬ 
mals  made  acutely  hypotensive  with 
endotoxin  or  bacteremia.  The  animals 
usually  are  not  resuscitated  with  anti¬ 
biotics,  volume  expansion,  steroids, 
and  vasopressors,  with  the  nonrespon¬ 
ders  selected  tor  naloxone  therapy. 

In  tile  Hughes  study;  in  which  lack 


of  response  to  conventional  therapy 
was  not  an  entry  criterion,  a  hemody¬ 
namic  response  to  naloxone  appears 
to  be  demonstrated.  Case  reports  of 
naloxone  therapy  show  a  pattern  of 
beneficial  response  in  patients  who 
have  no  evidence  of  systemic  disease 
or  organ  failure* 

Published  reports  —  even  anecdotal 
reports  —  of  the  use  of  naloxone  in 
hemorrhagic  or  other  hypovolemic 
shock  are  lacking.  One  reason  is  oh 
vious.  hypotension  due  to  hypo¬ 
volemia  responds  well  to  control  of 
hemorrhage  and  aggressive  volume  re¬ 
placement  Patients  managed  in  this 
way  are  unlikely  to  meet  the  criterion 
of  failure  to  respond  hemodynam- 
lcally.  However,  the  clinical  course  can 
he  complicated  later  by  ARDS  or 
acute  renal  failure,  both  of  which  may 
cause  significant  late  morbidity  Ani¬ 
mal  studies  of  naloxone's  effects  in 
hypovolemic  shock  models  may  be 
more  closely  related  to  clinical 
efficacy  than  was  the  case  with  mod¬ 
els  of  sepsis.  Traumatic  shock  usually 
occurs  in  an  otherwise  healthy  pa¬ 
tient.  This  tact  eliminates  the  variable 
of  maior  preexisting  illness  which  is 
present  in  septic  patients  but  not  in 
laboratory  animals.  A  clinical  trial  of 
naloxone  in  traumatic  and  hypo¬ 
volemic  shock  should  involve  its  use 
to  "buy  time"  for  conventional  ther¬ 
apy  and  then  use  as  an  adjunct  to  such 
therapy.  Appropriate  study  parameters 
would  include  the  incidence  of  death 
or  maior  complications,  such  as  AROS 
and  ARF,  following  resuscitation.  One 
such  study  is  now  planned  at  a  region¬ 
al  trauma  center. 

A  subgroup  of  hypovolemic  patients 
develop  hradyarrhythmias  or  inap¬ 
propriately  low  heart  rates,  and  may 
be  at  high  risk  tor  imminent  ven¬ 
tricular  fibrillation  or  electromechan¬ 
ical  dissociation  (LMOl. 11  Oata  from 
animal  studies  suggest  that  naloxone 
may  prevent  or  reverse  these  changes, 
allowing  time  tor  control  of  bleeding 
and  adequate  volume  expansion. 
Rothstein  and  coworkers  have  re¬ 
ported  that  of  tour  dogs  developing 
EMI)  following  arrest,  CPR,  and  elec¬ 
trical  defibrillation,  all  developed  a 
perfusing  rhvthm  following  S  mg  kg 
naloxone. ;  ’ 

Obvioush  the  importance  of  nalox 
one  in  clinical  shock  therapv  will  ic 
mam  unknown  unless  large,  well  con 
trolled  clinical  trials  are  conducted  In 
date  ncithct  animal  nor  hitman  stud 
ics  otter  eleai  guidance  legardmg  the 
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clinical  indications  and  efficacy  of 
naloxone  across  the  clinical  spectrum 
of  hemodynamic  impairment  encoun¬ 
tered  by  the  physician. 

Dangerous  side  effects  have  oc¬ 
curred  that  are  attributable  to  nalox¬ 
one  treatment  of  refractory  septic 
shock,  particularly  in  patients  with 
severe  systemic  disease  and  organ  fail¬ 
ure.  Sepsis  itself  can,  of  course,  result 
in  hyper-  or  hypoglycemia,  but  animal 
studies  suggest  that  endogenous  opi¬ 
ates  can  stimulate  glucagon  release 
and  can  mediate  hyperglycemia  fol¬ 
lowing  vanous  stresses,  including  sep¬ 
sis  and  hypovolemia.  This  effect  is  an¬ 
tagonized  by  naloxone.'6  -'7  Certainly 
septic  patients  receiving  naloxone 
should  be  carefully  monitored  for  the 
development  of  hypoglycemia  until 
additional  experience  permits  assess¬ 
ment  of  this  risk. 

Case  reports  to  date  give  instances 
of  dramatic  hemodynamic  response  to 
naloxone.  There  ate,  however,  many 
reports  of  no  hemodynamic  response 
or  adverse  effects.  Even  with  gtxid  he¬ 
modynamic  response,  it  is  not  estab¬ 
lished  whether  naloxone  administra¬ 
tion  results  in  increased  rates  of 
survival.  The  factors  responsible  for, 
or  that  predict  a  clinical  response  to, 
naloxone  have  not  been  identified. 
Only  prospective  clinical  studies  with 
randomized  controls  will  fill  these 
gaps  in  our  knowledge  The  role  of 
opiate  antagonists  in  circulatory 
shock  may  remain  an  open  question 
for  some  time 

Conclusions 

Experiments  with  opioid  antag¬ 
onists  reveal  that  endogenous  opioid 
systems  within  the  CNS  are  activated 
by  stressful  situations,  such  as  shock. 
These  systems  are  structurally  lo¬ 
calized  to  areas  of  the  brain  stem  and 
midbrain,  where  they  not  only  affect 
autonomic  outflow,  hut  also  may  inte¬ 
grate  the  limbic  and  emotional  input 
to  cardiovascular  function.  During 
shock,  activation  of  endogenous 
opioid  systems  contributes  to  loss  of 
circulatory  homeostasis.  In  general, 
this  mav  involve  an  inhibition  of  sym¬ 
pathetic  outflow  and,  perhaps,  aug¬ 
mentation  of  parasympathetic  tone. 
Opioid  antagonists  reverse  this  effect. 

Opioid  peptides  also  are  released  pe¬ 
ripherally  following  stresses,  such  as 
sepsis,  from  the  pituitary,  from  the 
adrenal  medulla,  and  (perhaps)  from 
lymphocytes  or  macrophages  Opioid 
peptides  have  poorly  understood  pe- 
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npheral  actions.  They  are  present  in 
autonomic  ganglia,  and  probably  mod¬ 
ulate  synaptic  traffic  there;  they  act 
on  the  endocrine  pancreas  and  affect 
insulin  and  glucagon  release;  they 
may  regulate  adrenergic  receptor  sen¬ 
sitivity  to  catecholamines;  and  they 
may  affect  neutrophil  activation  and 
chemotaxis.  These  peripheral  effects 
of  endogenous  opioids  must  be  better 
elucidated  before  the  actions  of  opiate 
antagonists  in  shock  states  can  he 
fully  characterized.  Currently  the  ac¬ 
tions  of  naloxone  in  shock  states  ap¬ 
pear  to  be  mediated  both  centrally  and 
peripherally.  Research  in  this  area  has 
stimulated  interest  in  examining  the 
possible  resuscitative  uses  of  other 
neuropeptides,  such  as  TRH  and 
glucagon. 

Clinical  data  on  the  safety  and 
efficacy  of  TRH  in  treating  spinal  cord 
iniury  should  be  available  soon.  Cur¬ 
rently  the  role  of  narcotic  antagonists 
in  the  treatment  of  shock,  aKhough 
showing  promise  in  experimental 
models,  must  be  delineated  by  ade¬ 
quately  controlled  human  trials. 


References 

1.  Bcrnton  EW,  Long  ),  Holaday  !W: 
Opioids  and  neuropeptides:  Mechanisms 
in  circulatory  shock.  Fed  I’roc  1985,44: 
290-299 

2.  Blalock  El,  Smith  EM:  A  complete  reg¬ 
ulatory  loop  between  immune  and  neu¬ 
roendocrine  systems.  Fed  /’roe  1985,44: 
108-111. 

3.  Prosdocinu  M,  I  Jr  Ciulio  AM,  Einesso 
A,  et  al:  Inhibitory  role  of  opiates  on 
ganglionic  transmission,  in  C'.cnazzam 
AR,  Muller  EE  |edsl:  He  cent  Progress  ,/i 
Opioid  Research  Cent  rid  and  Peripheral 
Endorphins.  Haste  and  (.'.lineal  Aspects 
New  York,  Raven  Press,  P484,  p  121 

4  Ian  YN,  Lily  Yl  Coexistence  and  core- 
lease  of  cholinergic  and  peptidergic  trans¬ 
mitters  in  trog  sympathetic  ganglia.  Fed 
I’roe  1983, 42:2929-2933 

.5.  Holaday  |W:  Cardiovascular  effects  of 
endogenous  opiate  systems.  Ann  Rev 
Pharmacol  Toxicol  1983,23.541  594 

(s.  Holaday  IW,  Fadcn  Al  Naloxone  rever¬ 
sal  of  endotoxic  hypotension  suggests  role 
of  endorphins  in  shock.  Xalnrc  IP7S. 
275  480-4.31. 

7.  Reynolds  DC,  Curll  N|,  Vargish  I  el 
al:  Blockade  of  opiate  receptors  with 
naloxone  improves  survival  and  cardiac 
performance  in  canine  shock  (  in  s/m<  k 
1980,7  39  48. 

8  Curll  Nl,  Revnolds  IK..  Vargish  I  el 
al  Primate  endotoxic  shock  reversed  hv 
opiate  receptor  blockade  with  naloxone 

Annals  of  Emergency  Medicine 


Physiologist  1981,24  118-123. 

9.  Weissglas  IS  The  role  of  endogenous 
opiates  in  shock  Experimental  and 
clinical  studies  in  vitro  and  in  vivo,  in 
Reichard  S,  Reynolds  D,  Adams  H  |eds): 
Advances  in  Shock  Research.  New  York, 
Alan  R  Liss,  1983,  vol  10,  pp  87-94. 

10  Lechner  R,  Cull  N,  Reynolds  D  Intra- 
coronary  naloxone  in  hemorrhagic  shock: 
Dose-dependent,  stereospecific  effects 
Am  I  Phvsiol  1985,  in  press 

11  Eid en  LE,  Ruth  IA  Enkephalins  mod¬ 
ulate  the  responsiveness  of  rat  atria  in 
vitro  to  norepinephrine.  I’cptides  1982, 
4:475-478, 

12.  Ruth  |A,  Doerr  AL,  Eidcil  LE:  Leu- 
enkephalin  inhibits  norepincphrine-in- 
duced  contraction  of  rat  aorta.  Eur  I 
Pharm  1984,105:189-191. 

13.  Simpkins  C,  Dickey  C,  Fink  M: 
Human  neutrophil  migration  is  enhanced 
by  beta  endorphin.  Life  Set  1984,34 
2251-2255. 

14  Almqvist  P  Kuenzig  M,  Schwartz  SI: 
Effect  of  naloxone  on  endotoxin-induced 
pulmonary  platelet  sequestration.  Acta 
Chir  Scant I  1983,149:23-26. 

15.  Vargish  T,  Reynolds  DC,  Curll  Nl,  et 
al:  Naloxone  reversal  of  hypovolemic 
shock  in  the  dog,  Ctrc  Shock  1980, 7 
31-38. 

16.  Curll  Nl,  Reynolds  DC,  Vargish  T  et 
al:  Naloxone  improves  survival  rate  and 
cardiovascular  function  in  canine  hemor¬ 
rhagic  shock.  /  Pharmacol  F.xp  Flier  1982, 
220:625-628. 

17.  C.'urll  Nl,  Reynolds  DC,  Vargish  T. 
et  al:  Body  temperature  and  acid  base 
balance  determine  cardiovascular  re¬ 
sponses  to  naloxone  in  primate  hemor¬ 
rhagic  shock.  Fed  Proc  1982,41 : 1 135- 1 138 

18.  Hinshaw  L,  Rcller  B.  Chang  A,  et  al 
Evaluation  of  naloxone  for  therapv  of  e 
cob  shock  Species  differences.  Arch  Sinn 
1985,  m  press 

19  Holaday  |W,  Fadcn  AL  Naloxone  acts 
at  central  opiate  receptors  to  reverse  hy¬ 
potension,  hypothermia,  and  hypoventila¬ 
tion  in  spinal  shock  Pram  Res  1980. 
189  295-299 

20  Janssen  H.  I’ugh  IL.  Lutherer  LO  Re 
duced  ambient  temperature  blocks  the 
ability  of  naloxone  to  prevent  endotoxin 
induced  hypotension  -Idi  slunk  Res 
1982,7  IP-124 

21  laden  Al  Opiate  antagonists  and  the 
rotropin  releasing  hormone  Potential  title 
in  the  treatment  of  central  nervous  svs 
tem  iniurv  IAMA  1984.2x4  1453  1454 

22  Z-iInga  c.P  Chernovs  It.  Zaitchuk  R  et 
al  Diagnostic  doses  of  proinclin  i  I  RH 
elevate  BP  In  noncatci  holanune  media 
nismx  -In  h  lull  in  Mod  I9s4  14  1 
1149  1153 

3  (  I  aden  Al  lambs  1  P  Holadav  |W 

’•I  8  A, an,-  !  f'lt-.S 


Thyrotropin  releasing  hormone  improves 
neurologic  recovery  alter  spinal  trauma  in 
cats.  ,V  hi kI  I  Med  1981,4(14  1964-1067. 

’4  Faden  Al,  lacohs  Til  Smith  MT  et  at: 
Comparison  ot  thyrotropin-releasing  hor¬ 
mone  |TRHI,  naloxone,  and  dexametha- 
sone  treatment  in  experimental  spinal  in 
mry  .Wiiro/ogv  1984;44:674-678 

24  Survaprakash  B,  C.oel  AK,  l’athak 
CM.  et  al:  Thyrotropin  releasing  hormone 
decreases  elevated  plasma  met -enkeph¬ 
alin  levels  in  spinal  cord  iniury.  abstract 
( 'Jin  Res  1984;42:246a. 

26  Faden  Al,  Feuerstein  C,  Hayes  E,  et 
al  Leukotrienes  and  anaphylactic  shock 
A  therapeutic  role  tor  thyrotropin  releas¬ 
ing  hormone.  Cm:  Slunk  1984,10 
246-240. 

27  Hughes  C.S:  Naloxone  and  meth¬ 
yl  prednisolone  enhance  sym pat  ho¬ 
medullary  discharge  in  patients  with  sep 


tic  shock  Ilk ■  Sci  1984,4:2410  2426 

28.  Peters  WI!  Friedman  PA,  lohnson  MW 
et  al:  Naloxone  ill  septic  shock  I, meet 
1981 ;  1(82191:429-442. 

29  Catherton  A,  Howick  I.  Oliver  S 
Naloxone  in  neonatal  septic  shock,  ah 
stract  (.'/m  Ri's  1984.42  898a 

40  Croeger  | N,  Carlon  C.C,  Howland  WS 
Naloxone  in  septic  shock  (  '■:/  (  lire  .Med 
1984,11:640-644 

41  Valdivielso  A,  Casado  |,  Rule  A  et  al 
Naloxone  and  cndotoxic  shock  A  wonder 
drug’  Ann  /  s/i  I'eiliatr  1984,20:84  90 

42  Hernardi  P  C.rimaldi  R,  Adam  C,  et  al 
Ellects  ot  naloxone  on  cardiogenic  shock 
m  the  course  ot  acute  myocardial  intarc 
tion.  in  Meller  E.  Cenazzani  A  |edsl  1  en 
trnl  ninl  I'enplieral  I mltirphins  Ha sn  and 
Clinical  Aspects  New  York,  Raven  Press 
1984,  pp  294-299 

44  Rock  P  Silverman  H.  Plump  IE  et  al 


Etticacv  and  safety  ot  naloxone  in  septic 
shock  (  tit  (  ate  Med  1984  1 1  2s  it 

14  Secher  Nil,  lensen  KS  Warner  t  et 
al  Bradycardia  during  severe  hut  revets 
ihlv  hvpovolemic  shock  in  man  t  in 
Shut  k  1984  14  267-2’4 

44  Kothstein  R|.  Niemann  IF  Rennie  t  I 
et  al  Use  ot  naloxone  during  cardiac  ar 
rest  and  (.  PR  A  potential  adiunct  tot 
post  countershock  elcctromechanic.il  dis 
sociation  abstract  Ann  /mere  MeJ 
1984,11  194 

16  Ipp  I  (  crural  and  peripheral  en¬ 
dorphins  File  role  ill  the  conitol  ot 
glucose  homeostasis  m  Muller  1  l, in 
earn  A  ids'  (  cntral  and  I'ct tplietal  I  n 
Jiiri'liins  Hash  ami  i  linn.il  Aspcits 
New  York  Raven  Press  1984  pp  241-24'' 

1’  Hereiter  PA  I'lotskv  PM.  (.anil  PS 
Selective  opiate  modulation  ot  the  plivs 
iologic.il  responses  to  hemorrhage  m  the 
cat  Frii/i«  nrio/ogv  198  11111449  1446 


-t  B  'OKS 


Annals  of  Emergency  Medicine 


735 


REFILL 


3 


/1th  its  highly  effective  therapeutic  action  that 
■tQoes  to  work  witt^HM|&s . .  .with  its  unsu^B^ 
B2  selectivity* .  .VwHHnhaler  is  dearly  6ri;  |ff 
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•BronchosotecBvtty  denotes  a  relative  preference  for  8,  adrenergic  fOCepfc 
located  chlefty  in  the  bronchial  tissues.  This  preference  is  not  absolute, 
f  Sympathomimetic  amines  should  be  used  with  caution  In  patients  with 
cardiovascular  disorders.  See  Prescribing  Information 
I  Sly  RM:  Beto-odrenerglc  drugs  in  the  management  of  asthma  In  athletes 
■i  Allergy  On  Immunol  t984;73(part  2).680-685. 
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sMtatopMnttatf  nvcto-Mpnd  (KoacftoflPMffi 

pWrPUMMffVHfc\OliDU^fiMar  is  contraixfrcated  m  patients  with  a 
history  of  hyper  sensitivity  to  any  at  itMOmponehts 

WARNINGS:  As  with  other  adrenmfcttrosois  the  potential  »o»  paranoica*  Dron 
chospasm  should  be  kept  m  mint  I  It  occurs  the  preparation  should  be  discontm 
ued  immediately  and  alternative  therapy  instituted 

Fatalities  have  been  reported  m  assootoon  with  excessive  use  ot  inhaled  syrn 
pathomimetic  drugs  The  exact  cauvof  death  is  unknown  but  cardiac  arrest  foi 
lowing  the  unexpected  development  of*  IW«e  acute  asthmatic  crisis  and 
subsequent  hypoxia  is  suspected.  y 

The  contents  ot  VENTOLIN*  Inhaler  me  under  pressure  Dg  not  puncture  Do  not 
use  or  store  near  heat  or  open  flame.  Exposure  to  temperatures  above  i?Q'  F  may 
cause  bursting  Never  throw  container  into  fire  or  incinerator  Keep  out  of  reach  ot 
children 

PRECAUTIONS:  Although  it  has  lets  elect  on  the  cardiovascular  system  than  iso¬ 
proterenol  at  recommended  dosage*  abtderoJ  is  a  sympathomimetic  amine  and 
as  such  should  be  used  with  cauJioni)  ptlienfs  with  cardiovascular  disorders 
rcluding  coronary  insufficiency  and  hypertension  in  patients  with  hyperthyroidism 
or  diabetes  mellitus  and  in  patients  unusually  responsive  to  sympathomi¬ 
metic  amines 


Large  doses  ot  intravenous  albuterol  hMtJftn  reported  to *09 Wflti 
itabetes  and  keioaodom  nsMuanct  atm  otunuBDiiPllw  omtl . 
\^TO(JirMMtar  is  unkflmmttee  (to  mu*  . 

doitttfMBlntrMnously  Sf*§3*t"“' 

AttoMVW^bOTiioreporucMBemingtouMotV^OUHIglikd^ 
MKJNUMmk  » Iw  b»»n  nsoitatf  (at  l«gti  doses  of  *uterol  mSkMM 

Httmeusy  mbit  uterine  contractor*.  Although  this  effect  is  extremely  unlikely 
ts  I  consequence  of  aerosol  use.  it  shout)  be  kept  in  mind 
Information  for  Patients:  The  action  of  VBNTOUN*  Inhaler  may  last  up  to  six 
hours  and  therefore  it  should  not  be  usedTnore  frequently  than  recommended  Do 
not  increase  the  number  of  frequency  Of  doses  without  medical  consultation  if 
symptoms  get  worse,  medical  constetation  stwuld  be  sought  promptly  While  taking 
^NTOLIN  inhaler,  other  inhaled  metftdnes  should  not  be  used  unless  prescribed 
See  illustrated  Pat/ent  s  Instructions  For  Use. 

Drug  Interactions:  Other  sympathomimetic  aerosol  bronchodiiators  or  epinephrine 
should  not  be  used  concomitantly  with  albuterol 

Albuterol  should  be  administered  with  caution  to  patients  being  treated  with 
monoamine  oxidase  inhibitors  or  tricycle  antidepressants,  since  the  acton  ol  aibu 
terol  on  the  vascular  system  may  be  potentiated 

Beta -receptor  blocking  agents  and  abutted  inhibit  the  effect  of  each  other 
Carcinogenesis.  Mutagenesis.  antf  hMOjnMnt  of  Fertility:  In  a  2  year  study  in 
the  rat  albuterol  sulfate  caused  a  sjgnttdtit  dose- related  increase  in  the  incidence 
of  benign  leiomyomata  of  the  mesoNflifinii  doses  corresponding  to  tit.  555.  and 
2.800  times  the  maximum  human  tnhdatibnti  dose  The  relevance  of  these  findings 
to  humans  is  not  known  An  J8 -month  study  in  mice  revealed  no  evidence  of 
tumongemcity  Studies  with  albuterol  mealed  no  evidence  of  mutagenesis  Repro¬ 
duction  studies  in  rats  revealed  no  evidence  of  impaired  fertility 
Teratogenic  Effects:  Pregnancy  Category  C:  Abuteroi  has  been  shown  to  be  tera¬ 
togenic  m  mice  when  given  m  doses  conespondrg  to  14  times  the  human  dose 
There  are  no  adequate  and  well-cqntroHed  studies  in  pregnant  women  Albuterol 
shook}  he  user)  Our  mg  pregnancy  onty  ft  the  potential  benefit  justifies  the  potential 
nsk  to  the  fetus  A  reproduction  study  in CtH  mice  with  albuterol  (0025. 0  25  and 
2.5  mg/kg.  corresponding  to  14. 14.  and  140  times  the  maximum  human  mhalational 
dose)  showed  a  cleft  palate  formation  in  5  Of  til  (45%)  fetuses  at  0  25  mg  kg  and 
m  10  of  108  (93%)  fetuses  at  2  5  mq/ka.  Nona  were  observed  at  0025  mg  kg  Cleft 
palate  also  occurred  in  22  or  72  (30  5%)  fetuses  treated  with  2  5  mg  kg  -soproter 
enol  (positive  control)  A  reproduction  study  in  Stride  Dutch  rabbits  rewaled  cram 
oschisis  m  7  of  19  (3r%)  fetuses  at  50  mg/kg,  corresponding  to  2  800  times  the 
maximum  human  mhalational  dose 

Nursing  Mothers:  It  is  not  known  whether  Has  drug  is  excreted  m  human  milk 
Because  of  the  potential  for  tumorigeniatylhown  tor  albuterol  m  animat  studies 
a  decision  should  be  made  whether  to  discontinue  nursing  or  to  discontinue 
the  drug,  taking  into  account  the  importanipf  the  drug  to  the  mother 
Pediatric  Use:  Safety  and  effectiveness  in CNttren  below  the  aqe  of  12  years  have 
not  been  established 

ADVERSE  REACTIONS:  Side  effects  to  abuteroi  are  similar  to  other  sympathomi 
metic  agents  Those  most  frequently  observed  are  palpitations  tachycardia  and 
increased  biood  pressure:  tremor  nausea,  dirtiness  heartburn  and  nervousness 
Albuterol  can  also  cause  hypertension,  angina,  vomiting  vertiqo  central  stimula¬ 
tion.  insomnia  headache,  unusual  taste,  and  dryetg  or  irritation  of  the  oropharynx 
Overdosage  can  exaggerate  these  side  effects. 

HOW  SUPPLIED:  VENTOLIN*  Inhaler,  170  g  canister,  box  ot  one  It  is  supplied  with 
an  oral  adapter  and  patient's  instructions  (NOC  0173-032 1-88)  Also  available 
VENTOLIN*  Inhaler  Refill.  170  g  canister  onfywitft  patients  instructions  rNOC 
,  0173-0321-96)  Each  metered-dose  canister  provides  at  least  200  oral  inhalations 
Lot  90  meg  per  inhalation. 
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calcium  calcium  antagonists 


Ischemic  Brain  Injury  and  Cell  Calcium: 
Morphologic  and  Therapeutic  Aspects 


Histopathological  data  obtained  from  different  experimental  models  of 
hypoxia  and  ischemia  were  evaluated  in  order  to  extend  current  knowledge 
of  mechanisms  responsible  for  delayed  neuronal  cell  death.  Special  atten¬ 
tion  is  given  to  the  distribution  of  calcium  I Ca2  +  )  in  vulnerable  areas  dur¬ 
ing  the  postischemic  period.  Between  an  initial  defensive  Ca2  +  sequestra¬ 
tion.  which  is  completely  reversible,  and  final  toxic  Ca2  +  overload,  which 
is  associated  with  irreversible  neuronal  necrosis,  important  Ca2+  shifts 
could  be  demonstrated  cytochemically.  Such  shifts  occur  mainly  at  excit¬ 
atory  presynaptic  sites  and  seem  to  precede  structural  ischemic  cell  change 
in  postsynaptic  areas.  Recent  results  obtained  with  some  Ca2  +  entry  block¬ 
ers  indicate  that  prophylactic  treatment  and  postischemic  intervention  pre¬ 
vent  cytosolic  Ca2  +  overload  and  reduce  delayed  brain  injury.  / Van 
Reempts  /,  Burgers  M:  Ischemic  brain  injury  and  cell  calcium:  Morphologic 
and  therapeutic  aspects.  Ann  Emerg  Med  August  198S:  14:736-742. j 

Introduction 

Irreversible  structural  disintegration  of  the  neuron  is  the  final  stage  of  a 
series  of  complicated  pathophysiological  processes  that  may  follow  an  is- 
ehemie  or  hypoxic  brain  insult.  Evaluation  of  morphologic  changes  is  there¬ 
fore  important,  not  only  to  study  the  mechanisms  that  underlie  such  injury, 
but  also  to  study  the  effects  of  antianoxic  pharmacological  treatment. 

In  the  past  five  years,  interesting  reviews  have  appeared  in  which  the  com¬ 
plicated  pathology  of  ischemic  brain  injury  is  discussed  in  detail.1  !  Among 
the  hypotheses  put  forward,  the  concept  of  toxic  Ca-  +  overload  remains 
very  attractive  because  several  other  biochemical  events  related  to  ischemia 
may  result  directly  from  abnormal  increase  of  intracellular  Ca-  f  concentra¬ 
tion.'  1  Ca-’  4  is  involved  in  normal  cell  function,  particularly  in  active  pro¬ 
cesses  such  as  neurotransmission;  however,  altered  membrane  permeability 
for  this  cation  (as  a  result  of  hypoxia,  for  example)  may  have  dramatic  conse¬ 
quences  tor  the  cell.'  Using  eytocheniical  techniques,  we  have  shown  that 
irreversible  neuronal  damage  is  associated  with  considerable  intracellular 
Ca-’  4  overload/’  With  cytochemieal  techniques  it  was  not  possible  to  dem¬ 
onstrate  a  causal  relationship  between  Ca-’  4  overload  and  cell  death,  but 
several  other  studies  suggest  the  pivotal  role  of  increased  Ca-’  *  accumula¬ 
tion  in  processes  leading  to  irreversible  neuronal  destruction.1  ■ 

The  reasons  why  some  areas  in  the  brain  are  more  vulnerable  than  others 
to  Ca-’  *  overload  are  not  well  understood  Although  vascular  determinants 
may  be  important,  metabolic  aspects  merit  a  greater  consideration.-’  Synaptic- 
release  of  excitatory  transmitters  |glutamatc,  aspartate)  is  now  thought  to  be 
important  in  selective  neuronal  necrosis."''  Moreover,  there  are  numerous 
indications  that  receptor  sensitivity  to  glutamate-induced  depolarization  at 
the  postsynaptic  membrane  is  triggered  by  Ca-’  1  1(1 11  As  a  consequence,  one- 
can  hypothesize  that  damage  to  the  brain  should  be  reduced  when  Ca-’  *  - 
triggered  transmitter  release  or  postsynaptic  Ca-’  1  accumulation,  or  both, 
are  suppressed  by  Ca-’  *  entry  blockers. 

We  review  the  histopathological  picture  in  different  experimental  models 
of  brain  areas  at  risk  Special  attention  is  given  to  changes  in  distribution  of 
suhcellular  Ca’  *  Some  new  data  on  the  protective  effect  of  Ca-’  *  entry 
blockers  also  are  included. 
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ISCHEMIC  BRAIN  INJURY 
Van  Reempts  &  Borgers 


Fig.  1:  Light  microscopic  appearance 
of  the  brain  of  a  3-week-ohl  nil  with 
unilateral  carotid  artery  ligation  and 
exposed  lo  cS'C  oxygen  for  2  hr  at  an 
age  of  7  days.  A  whole-mount  coronal 
section  tA.  x  6j  shows  severe  atrophy 
of  the  ipsilatcral  hippocampus  farrow i 
and  neocortex  INCh  the  contralateral 
hemisphere  remains  unaffected.  At 
higher  magnification  <H.  x  7.5 0).  a 
characteristic  morphologic  picture  is 
found,  resembling  that  of  the  adult 
hypoxic  rat.  Ischemic  cells  undergo 
coagulative  cell  change  I black  arrow I 
or  edematous  cell  change  t white  ar¬ 
row i.  and  can  be  easily  discerned 
from  normal  neurons  INI  and  astro¬ 
cytes  tA). 


Histopathological  Data  from 
Current  Experimental  Models 

The  ncuropathological  aspect  and 
the  functional  severity  ot  cerebral 
damage  are  dependent  on  the  type  of 
applied  insult.  It  is  a  well -recognized 
phenomenon  that  incomplete  ische¬ 
mia  is  worse  than  complete  ische¬ 
mia.1  Moreover,  the  vulnerability  ot 
certain  brain  areas  may  differ  in  rela¬ 
tion  to  hypoxic  and  ischemic  in¬ 
sults.1’  The  experimental  models  that 
have  been  used  include  both  hypoxia 
and  ischemia.  All  permitted  prolonged 
survival  ot  the  animals.  Early  postm- 
sult  phenomena  as  well  as  delayed 
neuronal  cell  death  thus  could  he 
studied. 

In  the  hypoxia  study,  oxygen  supply 
was  reduced  in  adult  rats  by  intermit¬ 
tent  exposure  to  pure  nitrogen11  and 
in  neonatal  rats  by  prolonged  exposure 
to  S'!.,  C ) , . 1  1  In  both  groups,  one  hemi¬ 
sphere  was  made  selectively  vulnera¬ 


ble  hy  a  preceding,  unilateral  carotid 
artery  occlusion.  In  the  ischemia 
study,  incomplete  ischemia  was  ob¬ 
tained  either  by  transient  occlusion  ot 
both  carotid  and  vertebral  arteries 
(four-vessel  occlusion,  4-VOI1'  or  by  a 
combination  ot  bilateral  carotid  artery 
clamping  and  severe  hypotension 
(two-vessel  occlusion,  2-VOI.u’ 

The  most  striking  neuropatholog- 
ical  outcome  was  found  alter  pro¬ 
longed  hypoxia  in  the  neonatal  rats. 
Two  weeks  after  seven-day-old  rats  un¬ 
derwent  a  two-hour  exposure  to  S".. 
(),,  a  severe  atrophy  ot  one  cerebral 
hemisphere  was  visible  (Figure  I A 1. 
The  degree  ot  damage  was  related  di¬ 
rectly  to  the  duration  ot  hypoxia,  and 
it  is  correlated  with  a  release  ot  vas¬ 
oactive  amines  during  the  hypoxic  in¬ 
sult.11  (..'ell  changes  in  vulnerable 
areas  were  similar  to  those  observed 
in  the  adult  hypoxic  and  ischemic  rats 
and  could  be  classified  as  coagulative 
necrosis  ot  neurons  and  edematous 
cell  change  ot  astrocytes  (Figure  l HI. 
Moreover,  in  incomplete  ischemia 
models,  delayed  damage  was  most 
pronounced  and  strictly  limited  to  the 
(..’A,  region  ot  the  hippocampus  (Fig¬ 
ure  21. 1  •  1  In  contrast,  changes  during 
early  recirculation  periods  consisted  ot 
nncrovacuolation  localized  over  the 
entire  hippocampus.  Ibis  change  is 
considered  to  represent  reversible  cell 
changes. 1  • 

Subcellular  Morphology  and 
Ca2+  Distribution 

A  more  detailed  description  ot  ultra 
structural  cell  changes  and  subcellular 
Ca’  1  distribution  at  dillerent  mtci 
vuls  alter  an  ischemic  episode  mav 
help  us  obtain  hettci  insight  into 


structural  and  cytochenncal  phenom¬ 
ena  that  cause  a  neuron  to  become  ir¬ 
reversibly  damaged.  Once  central  ner¬ 
vous  system  (C'N S'  tissue  is  below 
threshold  values  ot  cerebral  blood  flow 
(CI5FI  and  arterial  O,  tension,  Ca  ’  ' 
translocates  from  the  extracellular  to 
the  intracellular  space.1  '  ( .a '  '  can 
be  visualized  m  the  electron  micro¬ 
scope  as  electron-dense  precipitates. 
In  the  normal  brain,  such  precipitates 
are  very  scarce.  Only  synaptic  vesicles 
and  (to  a  lesser  extent!  mitochondria 
contain  single  precipitates. 

In  previous  reports,  we  found  that 
in  tar-advanced  stages  ot  cell  damage, 
the  intracellular  Ca’  1  content  is  aug¬ 
mented  dramatically.'’  1  ’  1  ’  Accumula¬ 
tions  ot  Ca-’  *  precipitate  were  en¬ 
countered  in  swollen  mitochondria,  in 
swollen  cell  processes,  in  nuclei,  and 
m  cytoplasmic  vacuoles  ot  coagulated 
neurons.  Ca  ’  1  movements  during  the 
early  phase  ot  repertusion  after  a  20- 
nunutc  period  ot  4-VO1  ’  deserve  spe¬ 
cial  attention  Large  amounts  ot  pre¬ 
cipitate  were  found  in  swollen  mito¬ 
chondria,  swollen  cell  processes,  and 
nuclei,  however,  they  also  occurred  in 
similar  amounts  m  areas  that  re¬ 
covered  and  survived  It  was  therelote 
concluded  that  such  Ca'  ‘  loading, 
which  was  concomitant  with  micro- 
vacuolation  and  edematous  swelling, 
could  reflect  an  m  built  defense  mech¬ 
anism.  After  restoration  of  cerebral 
circulation,  all  cells  legamcd  then 
normal  structure 

1  Ills  neutonal  lecoverv  was  ot  short 
duration,  however  in  viilneiable  areas 
Neuional  destitution  betaine  app.u 
cut  aftei  7  1  hours  dm  observations 
led  us  to  conclude  that  iih  leased  in 
liatellulai  Ca  1  "  d itl  not  nccess.uilv 
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me. in  (hat  cells  were  irreversible 
il.i in .1^0.1  Simil.u  observations  were 
reported  In  l.rilhtlis  et  al,|s  who  stud 
ted  mietnvncuolntinn  .mill  a  '  1  influx 
in  iats  alter  reeoveiy  from  L  •  a  1 1 v I 
yly erne  induced  seizures.  I  Inis  it  is 
tle.it  that  m  vulnerable  areas  such  as 
the  l  A,  pvramidal  cell  layer  of  the 
hippocampus,  other  phenomena  ill  ad¬ 
dition  to  the  initial  I'.t’  '  influx  are 
determinant  lot  the  induction  ol  me 
versthle  neuronal  rle, generation 

In  the  ’  VO  model  ol  Smith  et  a  1 . 1  " 
v  111  could  he  reliable  reduced  to 
values  below  c  ml.  1(11)  y  mm  lo  ob 
Mill  an  acceptable  survival  late,  lire 
iseltemn  period  was  limited  to  s  mm 
ules  In  this  wav,  II  was  possible  to  lol 
low  la''  shills  In  time  intervals. 

I  cents  m  the  hippocampal  l  A,  lavei 
oc  cm  led  as  tolli  >w  s 

I  I  hinny  ischemia,  a  pronounced 
mtiacelhil.il  edema  is  formed,  which 
m  the  liylit  inicioscope  appears  as  nn 
c  I  oc.lcuol.lt  loll  Mltoc llolldl  1.1,  aslio 
icics,  and  dendrites  appeal  swollen 
and  contain  liuye  amounts  ol  la" 
piei  ipitatc  ,  I  tytirc  vA> 

Sin  n  ic  ac  uol.lt  ion  and  I  he  c  on 

I I  unit. ml  la'  '  ac  c  uinul.it  h  in  dis.ip 
pi  ai  in  all  nylons  within  l>  nimutes 
po  ,i  ist  In  mi. i  mdic  al  ini',  l  hat  c  c  to 


sohe  l  a’  '  surplus  mas  still  be  re- 
moved  trom  the  cell  hods  once  oxv 
yen  supple  is  rcstoicd 

1'  between  Id  minutes  and  two 
hours,  extracellul.it  edema  becomes 
apparent  |l  lyure  dll'  At  this  time,  the 
hist  siyns  ol  presvnaptic  l  a’  '  ac 
cumulation  are  observed 

•!'  between  two  hours  and  24  hours 
post  isc  hemia  a  striking  increase  in 
piesvnuptic  l  a'  '  becomes  visible 
if  lyure  U'l  I  he  localisation  ol  the 
l  a'  '  in  the  stratum  radiatum  and 
the  .isvmnietiic  Ivpe  ol  synapses  suy 
ye st  lh.it  thes  beloiiy  to  c  xcitators 
Sc  hattci  collateials 

V1  At  the  same  nine,  postss  napt it 
dcndiites  shoes  the  first  inoipholoyic 
styns  ol  itreversihle  deyener.it  ion 
I  tense,  lloeculent  material  is  formed 
al  suhpl.isnialenim.il  sites  iliyiue  II'1 
I  his  alteration  mas  be  accompanied 
In  diffuse  evtosohe  l  a'  '  accumula 
non  at  the  posisvnaptic  site,  and  il 
mac  be  interpreted  as  a  pie  stayc  ol 
coayulaiise  necrosis 

(y  lvpic.il  cnayul.it  ive  ce  ll  c  li.uiye 
dec eli ips  ,i Iter  I  boms  m  l  A,  pcia 

iiiidal  cells  l  A  ll  oryunclles  .lie  still 
ice  oyiii.  ahlc  and  larye  amounts  ol  l  a 
appear  m  dilated  profiles  ol  endo 
p  las  i  il  ic  lelic  ilium  |l  lyuic  s  I  At  the 
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Fiy.  2.  /  'etc///  oi  i hr  /up/ioc  timi'til  t  .1 . 
/n  iiiiniihil  c  e//  Li\ri  or  ,/  nninml  ml 
tA.  \  7 1 III.  ni  tin  uiilh-tilrtl.  rsc/ierrirc 
nil  ili.  \  7t)()l.  iiiul  oi  ,j  tlinuit i.  iiic 
lictilril  i si 7r< -rr r i<  r.U  s  'nth  u/io 
c iiinvrtl  llnrr  iLn  c  .r/fer  a  AO  rnriiii/e 
■/  VO  e/irsix/e  In  I  hr  iiuninil  ml  <Ai. 
I’VhiniitLil  ce//s  i/’l'i  tiiul  iisiroccles 
f.-\ /  <;/’/>(•<//  well  /veern  e./  /cc /leinic 
turtle  ilii  tin •  tlitiitHlt'ii.  t’tl  In  cony 
nhilnr  i  t'll  t  innier  oi  rreirrorrs  '/'/.a  A 
iiiimu  iiiul  filrnhit’  ms  it'll  <  bc/ny  e  oi 
uslroc  c  Ice  mint e  ./now  i  /  >,/muye  Ini c 
hit'll  tlhisi  n  tilh  iftliiit'tl  u  i  whin 
llinitiii.  iiw  u./c  “mil  /  /'  til  ii  tit  ice  oi 
0/  rri.y  Ay  Iwo  nnniilt  c  before  h  i  ii 
iiiLitinii.  tiinl  /'()  til  Iwo  i i/osec 
ni  lu  nr.:  A-.;  i/iiiiny  //a  n't  in  iihit mu 

I’l'iintl 


same  time  ylscoyen  is  abuiid.mt  Is 
piesent  m  astiocsies.  ccliich  uiiylit  in 
die  ate  that  ylsc  oyenolc  sis  is  bloc  ked 
Altei  teco  class,  uteversible  lieu 
tonal  neiiosis  becomes  evident  1  lie 
yie.n  maioiits  ol  l  A  psi.miid.il  cells 
shocc  1 1  ciyiil.il  is  c '  cell  i  bailee  I  lieu 
line  le  i  .lie  pckliotle  hill  delolil  ol 
l  a  \ue  Icat  nii  inhianc  and  plas 
malemni.i  an  cisiiallc  intact  Milo 
e  bond  I  I  a  I  Oil  I  a  i  n  1  m  I  eased  l  a 


Fig.  3.  Subcellular  Ca-’+  distribution 
in  the  CA,  hippocampus  at  different 
time  intervals  after  eight  minutes  of 
incomplete  ischemia  induced  by  tran¬ 
sient  bilateral  carotid  artery  ligation 
and  severe  hypotension.  Ca2  + 
appears  as  black  precipitates.  At  one 
minute  before  recirculation  (A.  x 
11.750),  a  considerable  part  of  the 
mitochondria  is  heavily  swollen  Ism) 
and  astrocytes  (A)  appear  edematous. 
Both  are  filled  with  substantial 
amounts  of  Ca2  +  precipitate.  Slightly 
elevated  Ca2  +  content  can  be  found 
also  in  normal  mitochondria  tm).  IV 
=  cerebral  vessel  I.  At  two  hours 
post tsc hernia  IB,  x  17,5501,  swelling  of 
mitochondria  tm)  has  completely  dis¬ 
appeared.  Instead,  slight  extracellular 
edema  becomes  apparent  /arrows).  At 
the  same  time,  the  first  signs  of  pre- 
svnaptic  Ca2  "  overload  become  visi¬ 
ble  m  excitatory  axon  terminals  tali. 
Ca 2  +  content  m  mitochondria  and 
synaptic  vesicles  is)  is  comparable  to 
that  m  normal  rats  One  dav  after  re 
circulation  (C.  x  1 7,550).  presvnaptic 
Ca-’  *  overload  is  pronounced.  A  large 
part  of  slightly  swollen  axon  termi¬ 
nals  tat)  are  tilled  with  huge  amounts 
of  black  Ca2'1  precipitate  Synaptic 
vesicles  is)  remain  unchanged,  al¬ 
though  tliev  tend  to  be  grouped  m  the 
central  part  of  the  synapse.  Mitochon¬ 
dria  till)  are  slightly  swollen  At  the 
same  time  and  more  proximal  to  the 
CA,  pyramidal  cell  bodies  (D,  x 
lo.H.501.  f local  lent  degeneration  takes 
place  in  dendritic  processes  Id),  m  par¬ 
ticular  at  sabplasmalemmal  sites  tar- 
rowsi.  In  the  pyramidal  cell  layer  (E.  x 
O.MKh.  the  neuronal  endoplasmic  re¬ 
ticulum  ter),  as  well  as  some  mito¬ 
chondria  t arrowhead I.  dilate  and  be¬ 
come  tilled  with  large  amounts  of  pre¬ 
cipitate.  The  nucleus  of  these  cells  In) 
appears  normal,  with  onlv  slightly  el¬ 
evated  Ca  ’  *  content.  A  further  stage 
ot  irreversible  mmrv  is  seen  at  three 
days  pnstischcmta  IF.  x  9,7 DO).  Coag¬ 
ulator  cell  change  with  pvkilo sis  of 
nuclei  tm  ami  densitication  ot  the 
cytoplasm  lev)  is  in  sharp  contrast 
with  tin1  morphologic  picture  ot  nor 
null  pyramidal  cells  tl'Ci  Nuclear 
membrane  furrow  headi  iind  plasma 
membrane  uirrowi  ot  this  cell  look 
unaltered  (.'</'*  has  disappeared 
Imm  the  nucleus  and  is  concentrated 
now  m  mtrac\  tnplasmic  \acuolcs  ivi. 
hnalh  ui.  \  1-1.21)1)).  all  cell  organ 
dies  cnmplctch  disintegrate  Due  to 
disruption  ot  tlw  phismalemnni  lar 
row  i  ,  vtnplasm  nvi.  nucleus  ini.  and 


mitochondria  inn  become  hvdroptc 
and  all  CaJ+  is  washed  out. 


precipitate,  hut  most  ot  the  Ca-’  *  is 
confined  to  intraeytoplasmic  vacuoles 
that  prohahly  are  remnants  ot  swollen 
endoplasmic  reticulum  (Figure  3F1. 

81  Later,  a  visible  membrane  degra¬ 
dation  becomes  apparent.  Plasma 
membranes  of  coagulated  cells  show 
clear  discontinuities  and  the  cyto- 
skeleton  is  disorganized  Ca’* 
precipitates  are  no  longer  seen  in  the 
cell,  with  the  exception  ot  some  vesi¬ 
cles  (Figure  3C.I. 

91  Proliferating  glia!  cells  till  up  the 
dead  space  and  macrophages  eliminate 
cell  remnants  In  the  extracellular 
spaces,  large  Ca-’  *  oxalate  crystals 
may  he  found.  Their  presence  was  in¬ 
terpreted  as  a  possible  sign  ot  cal¬ 
cification.1  ■ 

The  chain  ot  events  described  ap¬ 
plies  to  an  eight-minute  ischemic  pe¬ 
riod  m  only  one  type  ot  experimental 
model  Whether  the  same  progressive 
degeneration  applies  also  in  other  sit¬ 
uations  in  which  more  drastic  insults 
are  imposed  has  not  yet  been  investi¬ 
gated.  However,  early  mierovacuola- 
tion  accompanied  hy  massive  hut 
reversible  Ca-  *  accumulation  and 
delayed  eoagulativc  necrosis  with 
cytosolic  toxic  Ca-’  *  overload  have 
been  found  in  hypoxia,  incomplete  is¬ 
chemia,  and  epilepsy  models. 

Effects  of  Treatment  with 
Ca2+  Entry  Blockers 

Numerous  trials  to  prevent  Ca  ’  ‘ 
overload  and  irreversible  ischemic 
brain  cell  death  have  been  earned  out 
m  the  past,  hut  with  variable  success. 
It  is  beyond  the  scope  ot  our  discus¬ 
sion  to  evaluate  the  results  obtained 
in  these  investigations. 

As  an  addition  to  our  previous  work 
on  the  effects  ot  the  selective  Ca  -'  ' 
entry  blocker  tlunarizmc  against 
structural  hypoxic  damage,11  we  com¬ 
pared  its  cttcct  with  that  ot  meat 
dipine  and  diltiazcm  Using  a  Inpoxic 
model  as  previotislv  described.1'  we 
found  that  24  hours  .liter  unilateral 
carotid  artery  ligation  and  exposure  to 
nitrogen,  structural  damage  to  the  p.u 
ictal  cortex  was  sigmtic.mtk  reduced 
m  rats  treated  orally  torn  bouts  before 
hypoxia  with  20  mg  kg  t) iiii.it  Line 
and  with  4(1  mg  kg  mc.iidipme  one 
lloui  before  hypoxia  ,  l.ihlc'  Piltiazcm 
i4(l  mg  kg,  oik  hum  hctoie  Inpoxia 


and  lowei  doses  ot  nicardipine  ,1.0 
mg  kg  and  10  mg  kg,  one  hour  before 
hvpoxij!  had  no  cttcct  fhese  results 
correlated  well  with  pharmacological 
data  obtained  in  different  screening 
tests.1'1  Direct  drug  interference  at  the 
cellular  level  might  be  necessan  to 
obtain  henetici.il  cttcct s.  A  drug  such 
as  tlunarizmc,  which  readily  pene¬ 
trates  the  blood  brain  harrier,’"  might 
fulfil!  this  requirement  Foi  similar 
reasons,  tlunarizmc  might  also  be  able 
to  ameliorate  brain  damage  when  used 
tor  postiscliemic  treatment 

I’revention  ot  delayed  brain  inturv 
has  been  shown  in  two  incomplete 
ischemia  models  A  reduction  ot 
structural  damage  to  cerebral  cells 
was  found  in  tats  treated  with  0.1  mg 
kg  tlunarizmc'  at  tile  end  ot  a  20-min- 
ute  period  ot  4-VO1  ■  or  after  a  9-min- 
utc  period  ot  2- VO  Delayed  neu¬ 
ronal  necrosis  was  evaluated  in  the 
CA,  hippocampus  after  survival  peri¬ 
ods  ot  three  days  and  one  week,  re¬ 
spectively.  Flunarizme  had  no  cttcct 
on  postiscliemic  DBF  in  the  2  VO  is¬ 
chemic  model  tWieloch,  personal 
communication),  which  suggests  that 
its  mechanism  is  direct  cellular  ac¬ 
tion.  such  as  proposed  earlier." 

Fills  concept  is  strengthened  by  in 
vitro  experiments  (ottering  the  advan¬ 
tage  ot  no  blood  flow  and  no  anesthe¬ 
sia!,  in  which  it  has  been  shown  that 
posthypoxic  recovery  ot  synaptic  ac¬ 
tivity  in  the  CA,  area  ot  hippocampal 
slices  was  improved  hy  in  vitro  pre- 
treatment  with  flunarizme.1''--' 
Nevertheless,  the  vasoactive  proper¬ 
ties  ot  tlunarizmc'  may  not  he  ne¬ 
glected-’1  Several  studies  indicate  its 
vascular  action.  White  et  a  1  -’ *  found 
that  tlunarizmc  antagonized  delayed 
hypoperfusion  following  global  ische¬ 
mia.  Recently  we  have  shown  an  ame¬ 
lioration  ot  ipsi lateral  CBF  in  neonatal 
hypoxic  rats  pretreated  with  20  mg  kg 
tlunarizmc  (Unpublished  observations! 
Next  to  its  well-known  antivasocon- 
strictivc  properties,’’  tlunarizmc  s  in¬ 
hibition  ot  Da'  '  -dependent  dopamine 
release-’ '  might  also  contribute  to  its 
possible  pcrtusion  protection  action 
In  addition  clinical  applications  ot 
tlunarizmc  m  peripheral  vascular  die 
ease  veitehrohasil.il  insufficiency  and 
migi.iine  suggest  that  apart  from 
tiun.mzmc  s  dncct  action  .it  the  neu 
inn.il  numhi.iiu  improvement  ot  mi 
c me uc illation  ni,i\  also  he  important 
m  .line  lioi.umg  UmcUon.il  and  struc 
tiii.il  outcome  attci  ischemia  oi  ische¬ 
mia  icl.itcd  c  i  ic  hi.il  disease 
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TABLE.  Summary  ol  ischemic  natron  counts  in  the  cerebral  curies  ol  rats 
24  hours  alter  combined  ischemic  In  paxic  insult “ 


Rats  Without 

Median1 

Treatment  Group 

N 

Damage 

Dead  Rats  Cells  mm 

P 

Solvent 1 

16 

1 

0  702 

1  hr  PO 

(20M  130) 

Flunari/me 

20  mq  kg 

8 

6 

0  0 

0  003 

4  h  PO 

(0  819) 

Nicardipine 

40  mq  kq 

8 

3 

1  64 

0  008 

1  h  PO 

(0-664) 

Nicardipine 

10  mq  kq 

8 

2 

1  879 

NS 

1  h  PO 

(0-10  000) 

Nicardipine 

1  0  mq  kq 

8 

0 

1  84  7 

NS 

1  h  PO 

(76-2  640) 

Dilha/om 

40  mg  kq 

8 

1 

0  636 

NS 

1  h  PO 

(0-1  489) 

'Levine  preparation 

see 

relerence  13 

: Or fiv  surviving  tirmnais  i 

nc.iuded  between 

brackets  96%  confidence  limits 

Mann  Whitney  U  test  (2  tailed)  (Pi  •  Of)  NS  not  significant 
'Solvent  20%  polypropyienegiycol 


Discussion 

The  neuropathological  data  pre¬ 
sented  above  correspond  well  with 
other  data  reported  in  the  literature 
After  ischemia,11  ''  as  well  as  after  in¬ 
duction  of  epileptic  seizures, lh  a  cel¬ 
lular  defense  mechanism  becomes 
operative  that  is  characterized 
morphologically  by  astrocytic  swelling 
and  neuronal  microvacuoiation.  In 
edematous  structures,  sequestration  of 
huge  amounts  of  Ca-’  +  is  apparent. 
Soon  after  insult,  all  cells  regain  a  nor¬ 
mal  aspect.  Only  in  selectively  vul¬ 
nerable  areas,  and  only  after  a  delayed 
maturation  period  of  several  hours  to 
several  days,  can  an  evolution  to  irre¬ 
versible  injury  be  expected.1'  -”  For 
the  great  maiority  of  insults,  the  com¬ 
mon  morphological  picture  of  irrevers¬ 
ible  neuronal  necrosis  is  eoagulativc 
cell  change  with  high  cytosolic  Ca’  * 
accumulation. 

This  significant  phenomenon  of  de¬ 
layed  neurologic  decay  also  has  been 
recognized  in  human  beings  who  had 
progressive  neurologic  deficit  at  peri 
oils  of  more  than  48  hours  postresus¬ 
citation. -K  Thus  it  is  of  great  impor¬ 
tance  to  understand  the  mechanisms 
of  injury  that  cause  defensive  Ca-’  ‘ 
sequestration  to  evolve  into  irrevers¬ 
ible  toxic  Ca-  *  overload,  and  to  find 
out  what  additional  mechanisms  me¬ 
diate  miury  to  brain  tissue. 

There  is  convincing  evidence  that 
excitatory  neurotransmission  is  in¬ 
volved  in  selective  neuronal  necrosis 
after  hypoxia  or  ischemia.-’  ’ ''  Many 
glutamate-binding  sites  are  seen  in 
the  hippocampal  stratum  radiatum,-’1' 
which  receives  glutainatcrgic  input 
from  Schaffer  collaterals.  Glutamate¬ 
binding  sites  coincide  well  with  areas 
of  selective  vulnerability  in  the  hippo¬ 
campus. 

As  we  have  shown  in  the  2-VU 
model,  damage  originates  in  post- 
synaptic  dendritic  processes  of  CA, 
pyramidal  cells.  This  observation  is  in 
accordance  with  data  reported  by 
lohansen  et  al,  '  who  gave  mor¬ 
phological  evidence  that  prcsynaptic 
terminals  are  resistant  to  ischemia.  In¬ 
terruption  of  synaptic  input  by  trails 
section  of  the  efferent  path  may  com¬ 
pletely  abolish  lesion  formation  in 
GA,  tWieloch.  personal  communica¬ 
tion'  I  his  observation  would  provide 
additional  support  tor  the  involve¬ 
ment  of  excitatory  neurotransmission 
in  ischemic  neuronal  necrosis  Release 
of  glutamate  is  mediated  In  l  a’  ‘ 
influx.1"  11  and  the  same  ion  increases 
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postsynaptic  receptor  sensitivity  111 
We  have  been  able  to  demonstrate 
that  prcsynaptic  Ca-  *  accumulation 
preceded  postsynaptic  Ca-’  1  overload 
and  suhplasmalemmal  flocculent  de¬ 
generation. 

We  propose  that  during  the  long- 
lasting  postischcnue  hypoperfusion 
period,  Ca-  *  homeostasis  is  definite¬ 
ly  lost.  The  Ca-  ‘  triggers  the  release 
of  transmitters,  which  is  accompanied 
by  a  subsequent  rise  in  intraterminal 
free  Ca’*  concentration.11  At  the 
postsynaptic  site,  Cal-’  1  -activated  pro- 
teinases  may  uncover  additional  gluta¬ 
mate  receptors,  which  in  turn  are  the 
basis  of  enhanced  Cal  ’  *  conduc¬ 
tance.*1  When  this  sustained  post 
synaptic  Ca-’  *  overload  can  no  longer 
be  neutralized  by  normal  sequestra¬ 
tion  mechanisms,  a  cascade  of  known 
Ca’  1  -dependent  degenerative  pro¬ 
cesses  may  be  initiated,  including  pro 
tern  and  phospholipid  degeneration, 
tree  fatty  acid  liberation,  and  free  radi¬ 
cal  formation  1 

It  appears  that  neuronal  survival 
can  be  enhanced  hv  interfering  with 
these  mechanisms  at  an  early  stage 
after  recirculation  Rothman  protected 
hippocampal  neurons  in  vitro  hv 
blocking  transmitter  release  m  hv 
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blocking  excitatory  ammo  acids  at 
postsynaptic  sites.'  Me  Id  rum  and  co¬ 
workers  prevented  early  ischemic 
brain  damage  through  preischcnnc 
treatment  with  an  antagonist  of  n- 
methyl-d-aspartate  receptors 
When  recovery  periods  are  too 
short,  however,  density  of  cell  damage- 
may  he  grossly  underestimated.  Long¬ 
term  survival  models  are  needed  to 
permit  maturation  of  irreversible  neu¬ 
ronal  damage.-’  ’  Two  studies  on  long¬ 
term  recovery  show  that  it  seems  pus 
sihle.  in  the  rat  at  least,  to  improve 
neuronal  survival  after  postischemie 
treatment  with  the  selective  La'  ’ 
overload  blocker  flunarizme  l'  -’1  Gur- 
rently  we  are  investigating  whether 
this  drug  exerts  its  beneficial  effect  hv 
prevention  ol  abnormal  Ga  '  '  fluxes 
at  the  excitatory  synapses,  either  hv 
diminishing  prcsynaptic  Ga  ’  ‘  ac¬ 
cumulation  or  hv  inhibiting  post 
svnaptic  Ga  ’  ’  overload 


I  in-  aiithni'.  ait  mail  till  in  Pi  M  Ashton 
I oi  ui  lew  mg  the  man  list,  i  ipt  to  M  l  List  1 
tli  mu  Its  .uni  It  Gm  I  leu  len  lot  tin  it  i  \p.  it 

teiiltlH.ll.lsslst.IIKl  to  l  l  t  l|ssi  n  lot  I'll 
panne  tin  ilhisn.itioiis  .uni  to  \|h  I )  G  t 
Isllllllgell  tol  t\pinc  till  111. must  |  ipt 

M  U  A ...  |  a  ‘  '  tie. 
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An  estimated  60%  of  deaths  caused  by  ischemic  heart 
disease  occur  within  the  first  hour  after  coronary  occlu¬ 
sion.  Cardiopulmonary  resuscitation  was  developed  in  the 
1960s  as  a  method  of  providing  to  cardiac  arrest  victims  tem¬ 
porary  insufflation  of  the  lungs  and  partial  circulation  to  vital 
tissues  until  an  effective  heartbeat  could  be  restored.  The 
currently  practiced  techniques  are  widely  taught,  and  instruc¬ 
tors  enforce  rigid  adherence  to  specific  resuscitation  details, 
such  as  number  of  compressions  per  minute,  ventilation  rate, 
sequence,  and  volume. 

In  the  last  several  years  many  investigators  have  demon¬ 
strated  that  "new"  CPR  techniques  produce  considerably 
higher  cardiac  output  than  do  the  standard  techniques  now 
taught  by  the  American  Heart  Association  and  the  Red  Cross. 
Dr  Traystman  and  his  colleagues  at  Johns  Hopkins,  for  in¬ 
stance,  report  significantly  elevated  cardiac  output  with  si¬ 
multaneous  ventilation  compression  CPR  (SVC-CPR).  Other 
closed-chest  resuscitation  techniques  that  seem  to  produce 
higher  cardiac  output  than  does  standard  CPR  include  inter¬ 
posed  abdominal  compression  CPR  (IAC-CPR)  and  constant 
abdominal  compression  using  an  abdominal  binder  such  as 
the  MAST  garment.  Various  investigators  have  proposed 
changes  in  timing  and  duration  of  chest  compression,  as  well 
as  changes  in  duration  of  ventilation.  Open-chest  CPR  seems 
to  provide  coronary  and  carotid  blood  flows  nearer  normal 
than  any  other  compression  modality.  Despite  the  apparent 
advantages  of  "new"  CPR  techniques,  studies  of  patient  sur¬ 
vival.  such  as  those  conducted  by  Dr  Thompson  and  his 
colleagues,  have  not  yet  demonstrated  a  significant  difference 
between  "new"  and  conventional  CPR. 

Dr  Niemann  and  Dr  Cummins  emphasize  that  early  de- 
fibrillation  is  clearly  the  treatment  of  choice  for  ventricular 


fibrillation.  The  concept  of  a  "therapeutic  window"  has  gained 
a  dominant  place  in  our  thinking  about  cardiac  arrest  and 
defibrillation.  This  concept  affirms  our  clinical  experience 
that  successful  countershock  delivered  within  ten  minutes 
after  the  onset  of  ventricular  fibrillation  provides  the  best 
hope  for  survival  of  cardiac  arrest.  The  longer  the  heart  re¬ 
mains  ineffective,  the  smaller  the  chance  of  successful  resus¬ 
citation.  This  is  the  conceptual  underpinning  for  the  portable 
or  implantable  "home  or  office"  computerized  defibrillation 
devices  described  by  Dr  Cummins. 

Dr  Niemann  emphasizes  that  CPR  research  must  be  di¬ 
rected  to  the  real  clinical  problems  we  face.  Researchers  must 
begin  to  try  to  provide  clinicians  with  answers  to  questions 
such  as  these:  What  should  we  teach  bystanders  who  respond 
to  cardiac  arrest?  What  is  the  role  of  computerized  defibrilla- 
tion?  What  procedures  should  be  undertaken  by  paramedics, 
emergency  physicians,  and  intensive  care  unit  staff  to  max¬ 
imize  a  victim's  cardiac  and  cerebral  recovery? 

In  this  regard,  our  discussion  perhaps  yielded  more  ques¬ 
tions  than  answers.  Our  resuscitative  techniques  can  cer¬ 
tainly  be  improved,  but  the  specific  steps  toward  that  end  are 
still  somewhat  unclear.  The  general  areas  of  cardiac  and  cere¬ 
bral  resuscitation  have  been,  and  will  continue  to  be,  impor¬ 
tant  areas  of  investigation  for  research  in  emergency 
medicine. 
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EPIDEMIC: 


A  new  continuing  medical  education  program  developed  by  the  American  College  of  Emergency  Physicians  and 
the  Emergency  Medicine  Foundation  is  now  available  to  help  emergency  care  providers: 


identify  and  manage  a  suicide  attempt 

assess  the  risk  of  a  repeated  attempt 

determine  appropriate  patient  referral  and  disposition 

A  20-minute  videotape  and  monograph  produced  in  consultation  with  Douglas  Rund.  MD,  FACER  and 
Harvey.  MD 

The  monograph  includes  risk  charts 


Approval  for  2  hours  of  AMA  Category  I  and  ACER  Category  I  credit 


($10  for  ACER  members,  $20  for  non-members) 


yyjjg  American  College  of 

::::::::  EmEKGENGY  PHYSICIAN'S 


special  CONTRIBUTION 

brain  blood  flow,  CPR.  epinephrine,  myocardial  blood  flow 


Beneficial  Effect  of  Epinephrine  Infusion 
on  Cerebral  and  Myocardial  Blood 
Flows  During  CPR 


It  is  hypothesized  that  epinephrine  improves  the  ability  to  resuscitate  the 
heart  through  a  mechanism  thought  to  be  related  to  the  increase  in  aortic 
pressure.  Our  results  with  epinephrine  infusion  during  CPR  are  consistent 
with  this  hypothesis.  Epinephrine  selectively  increased  vascular  resistance 
m  noncerebral,  noncoronary  vascular  beds,  as  indicated  by  a  decrease  m 
microsphere-determined  blood  flow  in  these  areas.  This  increased  vascular 
resistance  raised  aortic  pressure  during  the  chest  compression  phase  and  the 
relaxation  phase  of  CPR.  because  intracranial  and  right  atrial  pressures  were 
only  slightly  higher  with  epinephrine,  cerebral  and  myocardial  perfusion 
pressures  and  blood  flows  were  significantly  improved.  This  beneficial  effect 
(compared  to  no  administration  of  a  vasopressor ;  was  more  pronounced  as 
CPR  progressed  beyond  ten  minutes.  Enhanced  cerebral  and  myocardial  per¬ 
fusion  occurred  with  epinephrine  when  either  the  conventional  or  simul¬ 
taneous  compression  and  ventilation  ISCVl  mode  of  CPR  was  employed  in 
dogs.  Similar  selective  perfusion  was  sustained  for  HO  minutes  ol  SCV-CPR 
with  epinephrine,  even  when  the  onset  of  CPR  was  delayed  five  minutes 
Regional  brain  blood  flow  differed  m  the  delaved-CPR  group  m  that  cere 
helium,  brain  stem,  and  thalamic  regions  initially  had  higher  blood  flows. 
In  an  inlant  animal  model  of  CPR  using  conventional  CPR  in  piglets,  epi¬ 
nephrine  also  was  found  to  increase  cerebral  and  mvocanhul  blood  flows. 
These  results  show  that  administration  of  epinephrine  benefits  different  age 
groups  of  different  species  with  different  modes  of  CPR .  that  benefits  occur 
even  with  delayed  onset  of  CPR  which  is  associated  with  additional  anoxia 
and  acidosis:  and  that  epinephrine  administration  is  particularly  effective  in 
sustaining  cerebral  and  coronary  perfusion  during  prolonged  CPR.  I  Koehler 
RC.  Michael  IK.  Cuerci  AT).  Chandra  N.  Schleieu  CL.  Dean  IM.  Rogers  MC. 
Wcisfeldt  ML.  Travstnnin  RT  beneficial  effect  of  epinephrine  infusion  on  ce¬ 
rebral  and  myocardial  blood  flows  during  CPR  Ann  Tmerg  Med  August 
IWH.-M:  744-74U.I 

INTRODUCTION 

A  variety  of  vasopressor  agents  commonly  are  employed  during  cardiopul¬ 
monary  resuscitation  |CPR).  Early  work  by  Redding  and  Pearson1  and  later 
studies  by  Yakaitis  and  colleagues-  indicated  improved  incidence  of  cardiac 
resuscitation  in  different  animal  models  of  cardiac  arrest  when  either  epi¬ 
nephrine  or  alpha-adrenergic  agonists  were  used.  This  improvement  was  re¬ 
lated  to  the  increase  in  aortic  pressure  that  occurred  during  the  relaxation 
phase  of  chest  compression,  which  presumably  increased  coronary  blood 
flow.  Such  an  increase  m  coronary  perfusion  is  critical  because  most  animal 
studies  report  that  coronary  blood  flow  is  less  than  20  mL/min/HX)  g  when 
vasopressors  are  not  infused  during  external  chest  compression.'  '  We  have 
reported  on  the  degree  to  which  epinephrine  infusion  increases  coronary 
blood  flow  m  dogs  M  We  review  those  results  and  report  our  more  recent 
work. 

We  also  have  assessed  the  effect  of  epinephrine  infusion  on  cerebral  perfu¬ 
sion.  In  earlier  studies  conventional  (..I’R  with  sternal  compression  on  large 
dogs  produced  cerebral  blood  flows  of  only  T"„  of  prearrest  levels."  '  A  higher 
cerebral  blood  flow  rate  of  approximately  20",.  of  baseline  was  achieved  with 
simultaneous  compression  and  ventilation  | St 'VI  (.'PR,"  or  with  lateral 
chest  wall  compression1  (which  probably  produces  higher  mtrathoracic  pres- 
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Fig  1.  C  erebral  blood  flow  I mean  and 
SEl  during  CI’R  with  and  without 
continuous  epinephrine  infusion. 
Mean  prearrest  flows  are  indicated 
under  the  bar s  tor  each  group. 


sures  than  does  sternal  compression 
in  dogs).  Internal  cardiac  massage  can 
produce  cerebral  perfusion  that  is  70% 
to  100".,  of  normal  levels,4"'  hut  this 
alternative  to  external  compression  is 
not  always  feasible  Thus  there  ts  am¬ 
ple  room  tor  improving  cerebral  blood 
flow  during  external  CPR  by  phar¬ 
macological  means 

In  addition  to  assessing  the  effect  of 
epinephrine  infusion  when  CPR  is  be¬ 
gun  shortly  after  ventricular  fibrilla¬ 
tion,  we  addressed  the  question  of 
whether  any  beneficial  effect  prevails 
under  the  more  realistic  circumstance 
of  a  tivc-minute  delay  before  initiation 
of  CPR.  It  is  possible  that  the  anoxia 
and  acidosis  associated  with  such  a 
delay  diminishes  the  efficacy  of  epi 
nephrine  Also  it  is  known  that  reper¬ 
fusing  the  brain  at  normal  perfusion 
pressures  after  global  ischemia  pro¬ 
duces  an  initial  reactive  hyperemia, 
followed  by  a  delayed  increase  in  cere¬ 
bral  vascular  resistance.1"  This  de¬ 
layed  hypoperfusion  cannot  he  im¬ 
proved  simply  by  increasing  arterial 
pressure  with  norepinephrine  infu¬ 
sion  111  It  is  possible,  therefore,  that 
with  prolonged  CPR  after  five  min¬ 
utes  of  complete  ischemia,  cerebral 
blood  flow  will  fall  despite  a  sustained 
perfusion  pressure  with  epinephrine. 

Epinephrine  is  routinely  used  in  pe¬ 
diatric  CPR.  We  have  developed  an 
animal  model  of  infant  CPR  in  two- 
week-old  piglets.  The  effectiveness  of 
epinephrine  in  infant  piglets  during 
conventional  CPR  is  compared  to  the 
drug's  effectiveness  in  adult  dogs. 

METHODS 

Studies  were  performed  on  large  (22- 
kg  to  T6-kg),  adult  dogs  anesthetized 
with  ketamine  (ISO  mg  IMI  and  pen¬ 
tobarbital  (IS  to  20  mg/kg  IV),  and  on 
two-week-old  piglets  (4  -  kg  to  S-kgl 
anesthetized  with  pentobarbital  (TO  to 
40  tng/kg  IP).  Additional  IV  pentobar¬ 
bital  was  given  as  needed  during  sur¬ 
gery  The  animals  were  ventilated 
through  a  tracheostomy,  and  catheters 
were  advanced  into  the  right  atrium 
and  thoracic  aorta  from  a  femoral  ap¬ 
proach  for  pressure  measurements.  In¬ 
tracranial  pressure  was  measured  from 
a  cannula  inserted  in  the  lateral  veil 
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tricle  through  a  burr  hole  in  the  skull. 
A  pacing  catheter  was  placed  in  the 
right  ventricle  from  a  femoral  vein  for 
electrical  fibrillation  of  the  heart.  Re¬ 
gional  blood  flow  was  measured  with 
IS  ±  1  mierondiameter  radiolabelled 
microspheres.  For  the  injection  of  mi- 
erospheres,  a  catheter  was  advanced 
into  the  left  ventricle  from  a  femoral 
artery.  Arterial  reference  samples  of 
microspheres  were  drawn  from  axil¬ 
lary  artery  catheters  (placed  in  a  sub¬ 
clavian  artery)  at  a  rate  of  1.9  mL/inin 
during  the  microsphere  injection  and 
tor  at  least  five  minutes  following  the 
infection.  We  have  validated  the  use  of 
microspheres  during  CPR/'  and  addi¬ 
tional  details  of  the  technique  have 
been  published  elsewhere. s 

External  CPR  was  performed  using 
a  pneumatic  piston  device  (Thumper", 
Michigan  Instruments).  Conventional 
CPR  was  performed  on  dogs  at  a  rate 
of  60/mm,  with  a  50%  duty  cycle,  and 
with  one  breath  interposed  after  every 
fifth  chest  compression.  In  piglets,  the 
recommended  rate  tor  infants  of  11)0/ 
mm  was  used,  with  a  duty  cycle  of 
60%.  In  dogs  receiving  SCV-CPR,  a 
compression  rate  of  40/min  and  a 
duty  cycle  of  SO",,  were  used.  A  high 
airway  pressure  of  90  mm  Hg  to  100 
mm  Hg  was  applied  during  the  first 
40",,  of  each  chest  compression  cycle. 
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Sternal  displacement  was  approx¬ 
imately  20%  of  the  anteroposterior  di 
ameter  in  the  dogs  subjected  to  SCV- 
CPR  and  in  the  piglets.  Twenty  per¬ 
cent  displacement  was  relatively  inef¬ 
fective  in  large  dogs  during  conven¬ 
tional  CPR,  however,  so  compression 
force  was  maximized  to  produce  25% 
to  T0%  displacement  in  this  group. 

Only  one  mode  of  CPR  was  used 
during  a  one-hour  period  per  indi¬ 
vidual  animal.  Each  animal  received 
either  a  continuous  infusion  of  epi¬ 
nephrine  (4  p.g/kg/min)  or  no  epi¬ 
nephrine.  At  the  onset  of  CPR  in  the 
epinephrine  groups,  a  bolus  injection 
of  1.0  mg  was  administered  in  the 
dogs  and  50  pg  was  given  in  the 
piglets. 

Statistical  differences  between 
groups  were  determined  by  analysis  of 
variance  at  the  /’  ■  .05  level. 


RESULTS 

Conventional  CPR  in  Dogs 

Comparisons  of  cerebral  and  myo¬ 
cardial  blood  flows  between  the  ani¬ 
mal  groups  three  to  six  minutes  after 
the  commencement  of  ('PR  are 
shown  (Figures  I  and  21.  In  conven¬ 
tional  CPR  in  dogs  not  receiving  epi¬ 
nephrine  infusion  |n  7b  cerebral 
and  mvocurdial  blood  Mows  were  ex 
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tremely  low.  With  continuous  epi¬ 
nephrine  infusion  |n  =  6),  perfusion  of 
these  organs  was  significantly  higher 
| P  <  .011.  The  greater  cerebral  blood 
flow  observed  with  epinephrine  infu¬ 
sion  during  conventional  CPR  was  re¬ 
lated  to  a  higher  mean  arterial  pres¬ 
sure  |43  ±  K  |  ±  SE |  vs  22  t.  I  mm 
Hg),  rather  than  to  a  lower  down¬ 
stream  intracranial  pressure  |25  ± 
mm  Hg  with  epinephrine  vs  1 7  ♦  1 
mm  Hg  without  epinephrine). 


SCV-CPR  in  Dogs 

Cerebral  and  myocardial  blood 
flows  were  higher  with  SCV-CPR  than 
with  conventional  CPR  in  dogs.  Use 
of  epinephrine  during  SCV-CPR  fur¬ 
ther  augmented  cerebral  blood  llow 
(75%  of  prearrest)  and  left  ventricular 
hlood  flow  (44%  of  prearrest).  These 
higher  hlood  flows  were  tile  result  of 
higher  perfusion  pressures  with  epi¬ 
nephrine. 

Mean  aortic  pressure  was  greater 
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F'S-  2.  Let t  ventricular  blood  tlow 
t mean  and  SE)  during  CPR  with  and 
without  continuous  epinephrine  infu¬ 
sion.  Mean  prearrest  flows  are  indi¬ 
cated  under  the  bars  for  each  group. 


Fig.  3.  Comparison  of  the  effect  of  a 
five-minute  delay  and  a  short  delay 
(10  to  IS  seconds)  in  the  onset  of  SCV- 
CPR  (both  with  epinephrine)  on  blood 
flow  to  caudal  and  rostral  brain. 
Caudal  brain  region  responses  (cere¬ 
bellum.  medulla,  pons,  midbrain,  di¬ 
encephalon.  caudate  nucleus,  and 
piriform  lobe)  differed  individually 
between  the  two  groups  and  were 
pooled  for  simplicity.  Rostral  brain  re¬ 
gions  (occipital,  temporal,  parietal, 
and  frontal  lobes)  responded  similarly 
between  the  two  groups  of  dogs. 
Values  at  time  zero  are  the  prearrest 
means  and  SE. 


with  epinephrine  (59  ±  3  mm  Hg,  n 
=  6)  than  without  epinephrine  (40  ± 
2  mm  Hg,  n  =  3);  and  mean  intra¬ 
cranial  pressure  was  2K  s  1  mm  Hg  in 
the  epinephrine  group  and  23  ±  4 
mm  Hg  in  the  nonepinephrine  group. 
Aortic  pressure  was  higher  in  the  epi¬ 
nephrine  group  during  the  compres¬ 
sion  phase  (by  16  mm  Hg)  and  during 
the  relaxation  phase  (by  12  mm  Hg). 
The  aortic  to  right  atrial  pressure 
gradient  during  the  chest  relaxation 
phase  was  greater  with  epinephrine 
(27  t  3  vs  14  i  1  mm  Hg)  after  six 
minutes  of  SCV-CPR. 

Aortic  and  carotid  arterial  pressures 
fell  substantially  after  20  minutes  of 
SCV-CPR  in  the  nonepinephrine 
group,  with  little  change  in  right  atrial 
or  intracranial  pressures.  In  contrast, 
perfusion  pressures  remained  stable 
over  a  one-hour  period  in  the  epi¬ 
nephrine  group.  This  resulted  in  a 
widening  of  the  difference  in  cerebral 
and  myocardial  blood  flows  between 
the  nonepinephrine  and  epinephrine 
groups  after  six  minutes  of  SCV-CPR. 


Delayed  Onset  of  CPR 

In  the  preceding  experiments,  CI’R 
usually  was  begun  within  10  to  15  sec¬ 
onds  of  ventricular  fibrillation.  To  as¬ 
certain  whether  the  beneficial  effect 
ot  epinephrine  prevails  when  the 
onset  ot  CPR  is  delayed,  SCV-CPR 
with  continuous  epinephrine  infusion 
was  started  five  minutes  after  induc¬ 
ing  fibrillation  in  another  group  ot 
dogs  (n  61.  In  this  group  with  five 
minutes  of  complete  ischemia,  mean 
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apparently  resulted  in  intra- 
tic  vascular  pressures  that  were 
comparable  to  those  achieved 
SCV-CPR  in  dogs.  Switching 
conventional  CPR  to  SCV-CPR 
h  airway  pressure  (70  mm  Hg)  in 
pilot  experiments  on  piglets  pro- 
only  a  slight  increase  in  intra- 
:ic  vascular  pressures.  This  sug- 
that  the  pressure  generated  with 
intional  CPR  in  piglets  is  already 
and  that  applying  a  high  airway 
are  provides  little  additional  in- 
e.  There  is  also  a  greater  pos- 
ry  of  direct  cardiac  and  vascular 
iression  in  the  piglet  given  the 
e  of  chest  deformation  observed, 
thout  epinephrine  (n  =  8),  cere- 
md  myocardial  blood  flows  were 
and  17°/.  of  prearrest  levels,  re- 
ively,  after  five  minutes  of  con- 
ional  CPR.  During  prolonged 
however,  aortic  pressure  fell,  and 
iral  and  myocardial  blood  flows 
•ached  zero  levels  by  SO  minutes. 

epinephrine  infusion  (n  =  8], 
)ral  blood  flow  (approximately 
>  of  prearrestl  and  myocardial 
1  flow  (.17%  of  prearrest)  were  sig- 
intly  greater  than  in  the  nonepi- 
rine  group  at  five  minutes  (/’  '. 
and  remained  higher  with  pro- 
ed  CPR.  There  were  no  dif¬ 
ees  in  mean  intracranial  or  right 
il  pressures  between  the  two 
ps,  but  aortic  diastolic  pressure 
greater  in  the  epinephrine  group, 
a  adult  dogs,  the  higher  cerebral 
myocardial  blood  flows  with  epi- 
irine  in  piglets  were  due  to  higher 


ision  pressures 


CUSSION 

le  results  of  these  studies  indicate 
use  of  epinephrine  improves  ccre- 
and  myocardial  perfusion  in  two 
rent  modes  of  CPR,  conventional 
SCV ;  with  a  five-minute  delay  in 
onset  of  CPR;  and  in  an  infant 
aal  model  of  CPR  The  mccha- 
l  of  the  beneficial  effect  of  epi- 
irinc  appears  to  be  the  same  in 
ot  the  models  Epinephrine  in 
ses  systemic  vascular  resistance 
(referential  vasoconstriction  of 
cerebral  cephalic  beds  {muscle, 
;ut'l  and  abdominal  organs  {kidney, 
Stines).1'  Within  each  model,  car 
output  is  essentially  limited  by 
capacity  ot  the  particular  pump 
hamsm  used,  so  the  increase  in 
lemic  vascular  resistance  acts  to 
t  perfusion  pressure  tor  the  heart 
brain  Thus  epinephrine  acts  to 
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redistribute  the  limited  cardiac  out¬ 
put. 

The  beneficial  effect  on  coronary 
and  cerebral  perfusion  probably  occurs 
during  both  the  compression  and  re¬ 
laxation  phases  of  the  cycle.  During 
relaxation,  when  the  aortic  valve- 
closes,  the  increase  in  peripheral  re¬ 
sistance  appears  to  increase  the  time- 
constant  for  arterial  run-off,  thereby 
increasing  the  aortic  to  right  atrial  and 
aortic  to  intracranial  pressure  gra¬ 
dients.  During  chest  compression,  the 
time  constant  for  discharging  blood 
out  through  the  arterial  system  is  pro¬ 
longed  to  such  a  degree  that  aortic 
"systolic"  pressure  can  he  higher  than 
right  atrial  "systolic"  pressure  |ic,  aor¬ 
tic  pressure  approaches  intrathoracic 
pulse  pressure  instead  of  aortic  "sys¬ 
tolic"  pressure  equalling  intrathoracic 
“systolic"  pressurel.  Thus  there  may 
be  forward  coronary  flow  during  the 
compression  phase  in  this  situation, 
and  the  "diastolic"  aortic  to  right 
atrial  pressure  gradient  may  not  be 
completely  indicative  of  coronary 
flow. 

We  found  that  maintaining  left  ven¬ 
tricular  blood  flow  at  levels  greater 
than  20  mL/min/100  g  was  required 
for  successful  defibnllation  after  one- 
hour  of  CPR,  and  that  normal  brain 
electrical  activity  was  correlated  with 
cerebral  blood  flow  greater  than  IS  to 
20  mL/min/100  g.K  Other  models  of 
brain  ischemia11  also  indicate  that 
electrical  function  is  impaired  below 
these  blood  flow  levels,  and  that  cel¬ 
lular  depolarization  occurs  below  a 
lower  cerebral  blood  flow  threshold  of 
approximately  10  mL/min/100  g.  Our 
results  with  SCV-CPR  in  dogs  and 
conventional  CPR  in  piglets  indicate 
that  cerebral  and  coronary  perfusion 
are  near  these  thresholds  during  five 
to  20  minutes  of  CPR,  but  decline 
with  prolonged  CPR.  Use  ot  epi¬ 
nephrine,  however,  sustained  perfu¬ 
sion  above  these  thresholds  tor  longer 
periods.  Ralston  et  a  1 1  -’  have  shown 
that  intrapulmonary  administration  of 
epinephrine  improved  coronary  and 
cerebral  blood  flow  during  CPR,  and 
improved  the  ability  to  resuscitate 
after  prolonged  CPR  These  findings 
serve  to  emphasize  the  importance  ot 
epinephrine  administration,  particu¬ 
larly  with  prolonged  CPR 

That  is  not  to  sav  that  epinephrine 
is  the  otilv  vasopressor  ot  choice  tor 
resuscitation  Pure  alpha  adrenergic 
agonists  also  appear  to  be  effective  in 
resuscitating  the  heart  1  ’  In  addition. 
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it  has  been  suggested  that  beta-adren¬ 
ergic  stimulation  from  epinephrine 
may  have  deleterious  effects  on  the 
subendocardium  when  coronary  blood 
flow  is  low  and  oxygen  demand  is  in¬ 
creased.1'  The  question  then  arises 
whether  the  increased  myocardial 
blood  flow  with  epinephrine  out¬ 
weighs  any  increase  in  oxygen  de¬ 
mand.  In  one  study,  it  is  reported  that 
epinephrine  is  superior  to  phenyleph¬ 
rine  in  terms  of  myocardial  blood 
flow,  although  the  drugs  were  not 
compared  at  equipressor  doses.14  An¬ 
other  study  indicates  that  myocardial 
lactate  levels  may  not  be  improved  by 
epinephrine.1"'  Thus  it  is  not  clear  at 
present  whether  epinephrine  or  pure 
alpha-adrenergic  agonists  are  of  great¬ 
er  benefit  for  cardiae  resuscitation. 

The  similar  question  of  whether 
epinephrine  stimulates  metabolism 
arises  concerning  the  brain.  Circulat¬ 
ing  catecholamines  normally  do  not 
increase  cerebral  blood  flow  and  me¬ 
tabolism  unless  the  blood-brain  bar¬ 
rier  is  disrupted.1'’17  There  is  some 
evidence  that  blood-brain  barrier  func¬ 
tion  can  he  impaired  after  resuscita¬ 
tion, |k  and  that  a  propranolol-sen¬ 
sitive  hypermetabolism  can  occur 
during  repertusion  after  cerebral  ische¬ 
mia  iv  Whether  circulating  epi¬ 
nephrine  stimulates  cerebral  oxygen 
demand  in  the  setting  of  CTR  has  not 
been  evaluated.  Preliminary  data  from 
superior  sagittal  sinus  blood  samples 
in  piglets  indicate  that  the  higher 
level  ot  cerebral  blood  flow  with  epi¬ 
nephrine  is  associated  with  a  lower 
level  ot  cerebral  oxygen  extraction. 
Phis  suggests  that  improved  cerebral 
blood  tlow  outweighs  any  potential 
metabolic  stimulatory  effect  in  terms 
of  tissue  oxygenation,  compared  to  no 
infusion  ot  epinephrine. 

Wc  considered  the  possibility  that  a 
five  minute  delay  in  commencing 
(TR  would  result  ill  some  loss  m  the 
effectiveness  of  epinephrine  to  sustain 
higher  myocardial  and  cerebral  perfu¬ 
sion  pressures  and  blood  Hows.  This 
was  not  the  case  In  addition,  studies 
of  cerebral  repertusion  at  normal  per¬ 
fusion  pressures  after  complete  ische¬ 
mia  have  demonstrated  the  presence 
ot  a  dclaved  hypoperfusion  that  is  re 
sistant  to  norepinephrine  induced  in¬ 
creases  in  arterial  pressure. 1,1  Thus 
one  might  expect  a  gradual  decrease  in 
blood  flow  to  the  cerebrum  with  pro¬ 
longed  t  TR  after  five  minutes  ot  com¬ 
plete  ischemia,  despite  a  sustained 
perfusion  pressure  ot  approximately 


M)  mm  Hg.  Wc  found  no  evidence  for 
delayed  hypoperfusion  in  the  cere¬ 
brum  after  SO  minutes  of  reperfusion 
iFigure  SI.  Perhaps  the  hypoperfusion 
phenomenon  appears  only  at  higher 
perfusion  pressures  or  with  longer  re¬ 
perfusion  periods.  Also,  repertusion  is 
thought  to  be  quite  heterogeneous  at 
the  microcirculatory  level,  which  may 
not  be  detected  hy  the  microsphere 
technique.-" 

One  might  also  expect  five  minutes 
of  complete  cerebral  ischemia  jcoin- 
pared  to  the  10  to  IS  seconds  usually 
taken  to  establish  CPR  after  fibrilla¬ 
tion)  to  produce  a  larger  hyperemic  re¬ 
sponse.  This  was  not  evident  within 
the  cerebrum  after  two  minutes  of 
CPR,  presumably  because  the  vascular 
bed  was  maximally  dilated  at  a  cere¬ 
bral  perfusion  pressure  of  SO  to  SS 
mm  Hg.  In  addition,  only  five  seconds 
of  cerebral  ischemia  can  produce  max¬ 
imal  peak  reactive  hyperemia.’1 

In  contrast  to  the  cerebrum,  caudal 
areas  had  higher  blood  flows  for  20 
minutes  of  reperfusion  after  delayed 
CPR.  Blood  flow  to  brain  stem  regions 
initially  increased  above  prearrest 
levels.  Models  of  cerebral  ischemia  in 
rats  also  show  that  reperfusion  is 
greater  in  certain  caudal  areas,  such  as 
in  the  cerebellum  and  in  discrete 
brain  stem  nuclei.-’"  Infusion  of  cate¬ 
cholamines,  particularly  after  opening 
the  blood-brain  barrier,  can  also  pro¬ 
duce  a  caudal-rostral  redistribution  ot 
regional  cerebral  blood  tlow  in  rats 
without  preexisting  cerebral  ische¬ 
mia.1’  Thus  tile  caudal-rostral  re¬ 
distribution  seen  with  delayed  CPR 
probably  was  the  result  ot  prolonged 
ischemia  (which  may  further  impair 
blood-brain  barrier  function!,  and 
probably  the  effect  was  then  accentu¬ 
ated  by  epinephrine  infusion.  The  im¬ 
portance  of  this  effect  on  neurological 
outcome  after  cardiac  resuscitation 
currently  is  not  clear. 

CONCLUSION 

These  data  demonstrate  the  effec¬ 
tiveness  ot  epinephrine  m  increasing 
cerebral  and  myocardial  blood  flows 
when  conventional  CPR  or  SCV-CPR 
is  employed  and  when  CPR  is  begun 
within  Is  seconds  or  delayed  lor  five 
minutes.  Results  in  infant  piglets  sup¬ 
port  the  use  ot  epinephrine  m  pedi¬ 
atric  CPR,  and  demonstrate  that  the 
efficacy  of  epinephrine  is  not  unique 
to  the  adult  dog 

The  question  of  whether  potential 
adverse  effects  ol  beta  adrenergic 


stimulation  on  myocardial  and  cere¬ 
bral  metabolism  offset  the  beneficial 
increase  in  blood  flow  is  unresolved. 
Although  the  use  of  pure  alpha-adre¬ 
nergic  agonists  has  been  suggested,1  •’ 
the  possibility  of  coronary  and  cere¬ 
bral  vasoconstriction  with  these 
agents  also  must  be  considered.  Beta  ,- 
adrenergie  coronary  vasodilation, 
which  potentially  could  counteract  al¬ 
pha-adrenergic  constriction,  may  yet 
render  epinephrine  as  the  vasopressor 
of  choice  during  CPR. 
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Erratum 

In  the  article  by  Curry  et  al.  entitled  "The  Effects  of  Toxic  Concentrations  of  Theophylline  on  Oxygen  Consumption 
Ventricular  Work.  Acid  Base  Balance,  and  Plasma  Catecholamine  Levels  in  the  Dog  [June  1985  14  554-561],  the  dosage  of 
epinephrine  given  on  page  559  should  have  read  "1,830  pg/mL  of  epinephrine  (10  RM),  not  "1  830  pg  mL  of  epinephrine 
(10-8M)  In  Figure  5.  the  vertical  axis  of  the  second  graph  should  have  read  "V  0:,  (mL  0  ,  mm  m-’).  not  "QO  .  (mL  O  ,  min 
m") 
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CPR;  EMS  systems;  resuscitation 


Comparison  of  Clinical  CPR  Studies 
in  Milwaukee  and  Elsewhere  in 
the  United  States 


As  we  mark  the  25th  anniversary  of  the  clinical  application  of  closed-chest 
cardiopulmonary  resuscitation  (SCPR),  it  is  time  to  look  back  and  analyze 
the  progress  we  have  made  in  the  resuscitation  of  sudden  death  syndrome. 
Recent  studies  of  SCPR's  effectiveness  have  yielded  mixed  results,  in  com¬ 
parison  to  early  studies  that  were  universally  favorable.  The  continued  toll 
of  neurologic  injury  following  SCPR  resuscitation,  and  reinforcement  of  the 
importance  of  defibrillation  in  resuscitation,  stimulate  us  to  find  improved 
forms  of  SCPR  and  improved  methods  of  resuscitation  delivery  in  emergen¬ 
cy  medical  systems.  /Thompson  BM.  Stueven  HA.  Mateer  ]R,  Aprahamian 
CC,  Tucker  IF.  Darin  1C:  Comparison  of  clinical  CPR  studies  in  Milwaukee 
and  elsewhere  in  the  United  States.  Ann  Emerg  Med  August  1985,14: 
750-754./ 

INTRODUCTION 

There  is  little  doubt  that  standard  closed-chest  cardiopulmonary  resuscita¬ 
tion  (SCPR)  represents  a  body  of  knowledge  that  can  be  taught,  learned,  and 
applied.  The  critical  question  is  whether  the  application  of  SCPR  principles 
can  and  does  affect  the  outcome  of  patients  suffering  from  prehospital  car¬ 
diac  arrest. 

The  impetus  for  general  application  of  SCPR  occurred  in  the  1970s  with 
the  advent  of  emergency  medical  services  (EMS).  Promotion  of  SCPR  was 
supported  by  data  from  Seattle,  where  there  was  a  lay  SCPR  program  and  a 
tiered  EMS  paramedic  program  capable  of  providing  early  advanced  life  sup¬ 
port  (ALS)  effectively. 'A  The  improved  results  achieved  with  SCPR  in  this 
system  in  patients  presenting  with  ventricular  fibrillation  (VF)  provided  tele¬ 
vision  appeal  (60  Minutes.  Emergency),  and  were  instrumental  in  the  devel¬ 
opment  of  nationwide  efforts  to  train  the  general  public  in  the  technique  of 
SCPR. 

Early  studies'  K  preceded  the  development  of  data  collection  systems  with 
acceptable  resuscitation  outcome  endpoints,  ie,  hospital  discharge  and  neu¬ 
rologic  survival.  Lack  of  clarity  and  precision  in  language  used  to  report 
SCPR  study  results  and  patient  selection  criteria  are  also  a  problem.  All  pa¬ 
tients  do  not  suffer  the  same  type  of  cardiac  arrest:  preexisting  disease,  prear¬ 
rest  medications,  arrest  time  before  initiation  of  SCPR  or  ALS  (or  both),  and 
presenting  rhythm  vary.  Patient  selection  bias  within  a  specific  EMS  system 
may  preclude  patients  from  entering  the  EMS  data  system  or  bar  them  from 
treatment  initiated  in  the  field  at  all.  We  agree  with  Polinitsky  et  aP'  and 
Eisenberg  et  alm  that  there  has  not  been  enough  attention  to  detail  in  eval¬ 
uating  and  reporting  these  data. 

CLINICAL  SCPR  STUDIES 

Most  prehospital  clinical  studies  include  entry  data  (whether  the  arrest 
was  witnessed,  performance  of  SCPR,  estimates  of  the  arrest  time!  and  exit 
data  (successful  initial  resuscitation,  hospital  discharge  and,  more  recently, 
neurologic  outcome),  but  often  there  is  failure  to  control  tor  the  multiple 
factors  that  occur  between  entry  and  exit.  The  significant  factors  and  cubic  - 
tors  relating  to  underlying  disease  states  may  he  numerous  and  very  impor¬ 
tant  to  final  outcome.11  Valid  data  comparisons  probably  are  possible  only 
when  EMS  system  designs  are  comparable  and  when  response  times  arc 
nearly  equal.  Most  investigators  have  looked  tor  overall  differences  in  resus¬ 
citation  groups  after  a  number  of  ALS  protocol  manipulations  were  tried  11 
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aortic  pressure  (59  ±  4  mm  Hgl  ntra- 
cramal  pressure  (33  ±  3  mm  Hgl,  and 
the  aortic  to  right  atrial  diastolic  gra¬ 
dient  126  ±  3  mm  Hgl  were  essen¬ 
tially  the  same  as  those  ot  the  ept- 
nephnne-SCV-CPR  group  that  had  no 
delay  before  the  commencement  ot  re¬ 
suscitation.  Myocardial  and  total 
brain  blood  flows  were  similar  in  the 
two  groups  after  six  minutes  and  tor 
the  remainder  of  the  one  hour  of  CPR. 
There  were  regional  differences  along 
the  neuroaxis  of  the  brain,  however, 
and  these  differences  were  a  function 
of  duration  of  CPR  (Figure  3). 

With  the  delayed  onset  of  Cl  K,  re¬ 
gions  in  the  caudal  portion  of  the  neu- 
roaxis,  particularly  the  cerebellum, 
medulla,  pons,  midbrain  and  dien¬ 
cephalon,  had  higher  blood  flows 
when  measured  at  two,  six,  and  20 
minutes,  but  lower  blood  flows  after 
SO  minutes  of  CPR  compared  to  the 
group  without  prolonged  ischemia  U 
<  .01).  After  two  minutes  ot  5CV-i_i  k 
in  the  ischemic  group,  blood  flow  to 
the  medulla,  pons,  and  midbrain  actu¬ 
ally  increased  by  70%,  75%,  and  53  /« 
above  preatrest  values,  respectively.  In 
contrast  blood  flow  to  the  rostral 
hram,  which  represents  cerebrum,  de¬ 
creased  from  prearrest  levels  after  two 
minutes  of  CPR  and  remained  essen¬ 
tially  unchanged  with  prolonged  C I  K 
(Figure  31.  There  was  no  significant 
difference  between  the  two  groups  in 
blood  flow  to  the  cerebrum.  We  con¬ 
clude  that  epinephrine  can  sustain  ce¬ 
rebral  perfusion  after  a  five-mmute  de¬ 
lay  in  the  onset  of  SCV-CPR.  A  global 
hypoperfusion  phenomenon  resistant 
to  epinephrine-induced  increases  in 
perfusion  pressure  was  not  apparent 
between  groups  during  the  at)  minutes 
of  teperfusion. 

Conventional  CPR  in  Piglets 

Conventional  CPR  on  infant  piglets 
reunited  much  less  piston  force  (ap¬ 
proximately  140  newtons!  to  achieve 
20%  sternal  displacement  (2  to  ~.a 
cm  I  than  was  required  for  adult  dogs 
<540  newtons).  There  was,  however, 
less  recoil  of  the  chest,  resulting  in  a 
20%  deformation  of  the  anteroposte¬ 
rior  diameter  during  the  relaxation 
phase.  Systolic  aortic  and  right  atnal 
pressures  in  excess  of  SO  mm  Hg  were 
achieved  during  compression.  Thus 
the  20%  displacement  was  sup  rim- 
posed  on  a  20%  permanent  deforma¬ 
tion  and  produced  a  different  chest 
configuration  than  that  produced  by 
conventional  CPR  in  large,  adult  dogs. 
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SCf’R  was  advocated  as  a  means  to 
keep  the  heart  in  a  state  from  which  it 
could  he  resuscitated.1  *  Recently, 
however,  there  has  been  a  general  rec¬ 
ognition  of  the  limited  effectiveness  ot 
prehospital  SC PK  without  prompt  de- 
fihrillation.1-  Enns  ct  al|!  demon¬ 
strated  the  deterioration  ot  cardiac 
rhythm  trom  ventricular  tachyar¬ 
rhythmias  to  asystole  during  Holtcr 
monitoring  ot  patients  in  cardiac  ar¬ 
rest  when  only  SCl’R  was  available 
On  the  other  hand,  there  is  nearly 
universal  agreement  on  the  effective¬ 
ness  of  electrical  dehbrillation  for 
VF. 1  *  i«>  is 

Studies  in  the  Milwaukee 
Paramedic  System 

The  Milwaukee  County  Paramedic 
System  is  a  multi-tiered  advanced  life- 
support  system  based  on  the  Seattle- 
model.  Basic  emergency  medical  tech¬ 
nicians  |EMTsl  on  tire  rescue  squads 
and  in  lire  engine  companies  respond 
first  (first  responders;  system  average, 
2.1  minutes),  followed  by  AES  para¬ 
medic  teams  (system  average,  6.0 
minutes).  On-line  medical  control  is 
performed  by  a  single  base  station  that 
has  multiplex  voice  radio  and  continu¬ 
ous  electrocardiograph  (ECO)  teleme¬ 
try.  Staff  members  of  the  paramedic 
base  arc  a  small  group  ot  ALS-certtficd 
physicians  on  the  faculty  of  the  Medi 
cal  College  of  Wisconsin.  The  base 
physicians  follow  American  Heart  As¬ 
sociation  guideline's  tor  ALS.11  Para¬ 
medics  may,  however,  administer  as 
many  as  four  eountcrshocks  tor  VF 
prior  to  contact  with  the  base  physi¬ 
cian  or  administration  of  medications 
Data  from  all  paramedic  runs  arc  re¬ 
corded  on  standard  forms  and  entered 
m  a  computer  for  retrieval  and  analy¬ 
sts,  [n  addition,  all  original  records 
and  rhythm  strips  arc-  kept  on  tile  tor 
verification  of  data. 

Early  evaluation  of  patients  treated 
m  this  system  who  were  found  in 
asystole  or  electromechanical  dis¬ 
sociation  has  showed  no  significant 
benefit  from  bystander  SCl’R  (un¬ 
published  data). 

Using  this  mature  EMS  system,  we 
sought  to  isolate  the  effect  ot  the  per¬ 
formance-  of  SCl’R  from  other  ALS 
techniques  by  studying  partem  re¬ 
sponse  to  SCl’R  ot  quick  look"  dc- 
fibrillation  (or  both)  before  the  admin¬ 
istration  of  other  ALS  modalities  ]  be 
effect  of  bystander  SCl’R  in  the  (ire- 
hospital  setting  was  assessed  sepa¬ 
rately  from  factors  such  as  mulocu 
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hello.'  from  the  study  population)  he 
cause  a  first  respoiuler  or  a  paramedic 
determines  that  the  patient  is  dead  on 
the  scene  Resuscitation  exclusion  cri¬ 
teria  m  Seattle  and  ill  most  other  pre¬ 
hospital  svstems  are  not  reported  Al 
though  spokesmen  tor  mam  systems 
claim  that  American  Heart  Associa¬ 
tion  guidelines  are  followed,  these 
guidelines  are  very  conservative  and 
list  verv  few  criteria  tor  death  |dc 
capitation,  rigor  mortis,  decomposi¬ 
tion,  and  dependent  hviditv.l"  Hie  ac¬ 
tual  criteria  used  in  a  system  to  decide 
on  initiation  ot  StTR  may  he  poorly 
defined  or  loosely  enforced.  I  he  deci¬ 
sion  may  he  made  not  to  begin  resus¬ 
citation  on  patients  who  have  a  small 
chance  ot  survival,  thus  rates  ot  resus¬ 
citation  are  increased  In  treatment 
only  ot  "healthy"  patients 

A  study  hv  Roth  et  al1''  ot  the  I’itts 
burgh  system  found  a  nonrcsuscita 
turn  exclusion  ot  VV\,  tor  the  S9N  peo¬ 
ple  identified  as  having  sustained 
cardiac  arrest  during  the  study  period 
Only  >A2  patients  (47"..l  received  a  re¬ 
suscitation  attempt  Ihree  hundred 
seventeen  patients  |s,V\.l  were  classi¬ 
fied  as  dead  on  scene  because  tiles  had 
no  vital  sijtns  and  because  no  first  re¬ 
sponder  had  initiated  StTR.  Although 
it  would  be  unwise  to  force  a  system 
to  attempt  complete  resuscitation  on 
every  cardiac  arrest  patient,  exclusion 
criteria  should  be  defined,  and  the 
total  number  ot  cardiac  arrest  patients 
tor  which  an  I.MS  response  is  re¬ 
quested  should  be  documented  to  al¬ 
low  comparison  We  have  studied  the 
exclusion  bias  ot  the  Milwaukee 
t  ountv  Paramedic  System  and  found 
it  to  be  R)"..  ot  total  arrest  respon¬ 
ses.'11  Analysis  ot  these  data  may  per¬ 
mit  specific  exclusion  criteria  to  he 
developed 

A  second  factor  that  may  contribute 
to  variable  study  results  is  that  a 
rapid  response,  tiered  paramedic  svs 
tein  may  show  no  evidence  ot  sigmti 
cam  advantage  tor  bystander  StTR  be¬ 
cause  the  1  MS  system  mteivenes 
rapidly  within  a  critical  period  altci 
arrest  None  ot  the  studies  ill  tile  litei 
uturc  reports  ,is  rapid  a  lust  response 
I  Ml  time  as  Milwaukee's  when-  a 
system  response  time  ot  .’  I  minute  s1 
from  time  of  telephone  call  to  I  Ml 
arrival  is  nearly  uleiiiual  to  the  csti 
mated  tune  to  initiation  ot  St  I’R  ,1  o 
minutest  by  bystanders  who  notify 
the  f  MS  system  m  Seattle  It  there  is 
a  narrow  w  indow  ot  lesusc  liability 
Milwaukee  s  first  respondcis  may 
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reach  arrest  victims  within  that  peri¬ 
od  In  light  ot  this,  a  community 
might  elect  to  spend  tunds  to  provide 
a  more  rapid  response  system  tor 
quick  clef  i  bri  Hat  ion,  instead  of  tor 
StTR  classes  tor  its  citizens,  to 
achieve  ei|iial  or  even  improved  re¬ 
sults 

A  third  laetor  contributing  to  varied 
study  results  is  touiul  m  recent  reports 
that  show  an  inability  ot  closed  chest 
SC  'I’R  to  niamtam  ventricular  fibrilla¬ 
tion  even  lor  a  short  period  ot  arrest 
time.1*  Two  studies  ot  prompt  LM  I 
dctibrillation  show  improved  hospital 
admission  and  discharge  rates  ' '  ’ 1  Al 
though  it  still  may  be  important  to 
teach  the  steps  ot  SC  I’R  to  the  public, 
rapid  dctibrillation  hv  LMI-Ds  or  by 
others  using  automated  defibrillators 
may  he  more  imporiant  to  the  pa 
tic-lit 's  ultimate  survival  than  is  StTR 

Recent  animal  research  has  shown 
that  the  potential  is  yrcat  tor  cere¬ 
bral  resuscitation  M  Some  proposed 
chan, yes  in  St ' I’R  tecllniqiies  would 
appear  to  augment  brain  blood  flow 
and  coronary  blood  flow  Documenta¬ 
tion  ot  neurologic  outcome,  m  addi¬ 
tion  to  resuscitation  and  hospital  dis¬ 
charge  data,  is  necessary  to  evaluate 
the  ultimate  outcomes  produced  by 
standard  StTR  and  alternative  tech¬ 
niques.  Neurologic  recovery  after  pro¬ 
longed  resuscitation  is  one  promise 
that  SC 'I’R  has  never  fulfilled. 

THE  PROCESS  OF  SCPR 

It  is  important  that  both  clinicians 
and  basic  researchers  use  precise  lan¬ 
guage  in  describing  their  findings 
when  studying  the  effectiveness  ot 
SCI’R.  It,  tor  example,  a  researcher 
finds  that  standard  closed  chest  com 
pressions  are  mettective  m  generating 
coronary  perfusion  pressure  in  dogs, 
he  must  not  generalize  this  finding  to 
the  entile  process  ot  SC  I’R  m  the 
cluneal  setting  St  TR  as  taught  m  the 
basic  cardiac  life  suppoit  (lit  I  Si 
course  denotes  more  than  hie. idling 
and  chest  compressions  1 1 

Recognition  of  Arrest 

I  lie  Amviican  I  lean  Association 
and  Ameiican  Red  t  mss  endeavor  to 
teach  the  basics  ot  the  recognition  ot 
vital  signs  m  then  standaid  ionises 
Although  evaluation  ot  aitwav  and 
hieatlimg  is  iclativclv  easy,  clctiiimn 
mg  the  ptc  s,  n>  e  oi  ahsenee  ot  a  pulse 
iliac  he  vc-iy  difficult  III  the  field  es 
penally  In  ,i  layman  I  he  me  idenc  e  ot 
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over  lecognition  and  the  performance 
ot  unnecessary  chest  compressions  is 
unknown  and  should  he  studied 

Ventilation 

A  significant  hut  unknown  nunibct 
ol  pure  SITU  saves  mac  he  related  to 
airway  l  A I  and  hieatlimg  |B)  alone.  Lx 
amples  ot  such  incidents  are  quick  re¬ 
coveries  trom  near  chow  mug,  light 
mug  strikes,  and  drug  overdoses, 
wheie  ventilation  alone  mac  lie 
enough  to  stabilize  the  patient  until 
definitive  care  can  he  given  Since 
closed  chest  massage  was  introduced 
m  combination  with  rescue  breathing, 
no  randomized,  controlled  study  ot 
SC  I’R  combination  (airway  breathing, 
and  closed  compression  AIK  '  ver¬ 
sus  rescue  breathing  alone  (aircvay  and 
breathing  AH)  has  been  done.  Be¬ 
cause  there  is  concern  about  neu¬ 
rologic  damage  with  low  brain-blood 
flow  rates  in  the  range  ot  those  gener¬ 
ated  by  closed-chest  compression, 
serious  consideration  should  lie  given 
to  a  study  to  compare  the  AB-dc- 
librillation  protocol  with  the  ABt.-de- 

I I  bn  I  lat  i<  in  protocol,  (Based  on  current 
data  and  theory,  the  ethics  of  such  a 
trial  would  lie  sound,  but  the  legal 
complications  ot  withholding  chest 
compressions  in  the  current  litigious 
climate  might  be  significant.) 

System  Notification 

leaching  the  public  to  contact  the 
LMS  system  promptly  has  received 
some  increased  emphasis  ill  IK'LS 
classes  Milwaukee  has  a  stable,  civic- 
inmdcd,  and  educated  population, 
very  snnilai  to  that  ot  Seattle,  and  out 
citizens  now  contact  the  LMS  para 
medic  system  thiough  the  local  tire 
departments  Specific  access  com 
plaints  ale  lew.  and  \iitunllv  all  cai 
iliac  attest  calls  an-  handled  with  a 
"toll  assignment  '  ol  neatest  engine 
icsuic  squad,  and  paiamedic  unit 
I  Ills  til  led  icspoilsc  system  y\.|s  de 
signed  t n mi  tile  Seattle  model  and 
ll.ls  consistently  piodileeel  I  M  I  basic 
lust  icspoilsc  times  o|  two  to  thlee 
minutes  Because  yiitualK  all  call' 
and  tile  e  ol  tespi  Hiding  dlsp.lt  i  ll  e  all  he 
e  e  11 1 1  pi  e  te  el  III  o!  ll  millllte  111,1111  \  ll 
tuns  lit  witnessed  attests  leiclVe  tllell 

I I I  st  sc  T K  fiom  hie  eh  pa 1 1  tin  tit 
I  M  IS  within  ihii  in  time  minutes  ,  >t 

till  .11  le  st  In  sill  ll  .1  l.ipiil  1  ll  led  te 
spoils!  system  the  1  Meets  ei|  h\ 

st aiiele ■  i  Se  I’R  may  not  piodtiii  me  a 
soluble  e  1 1 1 1  ill  lilt  s  111  t  Hlft  t  H1H 
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CLINICAL  CPR  STUDIES 
Thompson  et  al 


The  Matter  of  Time 

We  have  always  been  wary  of  and 
frustrated  with  estimates  by  citizens 
of  down  time  for  victims  of  cardiac  ar¬ 
rest.  At  a  cardiac  arrest,  a  trained  pro¬ 
vider  begins  an  almost-automated 
ABC  sequence  that  has  been  honed  by 
practice  and  testing.11  It  is,  in  the  one- 
person  mode,  an  almost  all-encom¬ 
passing  activity  requiring  total  con¬ 
centration  until  help  arrives.  Nowhere 
in  the  teaching  or  testing  of  BCLS  is 
the  rescuer  required  to  note  the  time 
of  the  rarest  or  the  initiation  of  SCPR. 
Seldom  in  our  system  does  the  by¬ 
stander  actually  note  the  time  of  ar¬ 
rest,  and  our  postresuscitation  inter¬ 
views  have  not  produced  consistently 
reliable  estimates.  We  think  that  cit¬ 
izen  estimates  of  down  time  are  high¬ 
ly  suspect,  and  that  other  time  com¬ 
parisons  made  from  those  data  carry 
the  error  forward.  Such  questionable 
data  collection  has  been  used  by  the 
Seattle  group  and  others  to  generate, 
bv  statistical  analysis,  event  time  pro¬ 
files  that  are  said  to  give  the  best 
hospital  admission  and  discharge 
outcomes. 

To  eliminate  the  uncertainty  of 
time  estimation  from  study  data,  we 
have  defined  the  factor  of  resuscita¬ 
tion  time-  ’  as  a  maior  component  of 
total  arrest  time  in  our  system.  Resus¬ 
citation  time,  by  our  definition,  is  the 
time  from  paramedic  arrival  to  the 
first  sustained  pulse  and  rhythm.  In 
our  system,  the  response  time  from 
notification  ot  EMS  until  basic  and 
paramedic  unit  arrival  is  documented 
bv  a  data  punch  card  system  Resusci¬ 
tation  time  and  response  time  thus 
are  real  numbers,  not  estimates.  Study 
of  resuscitation  time  confirms  the  in¬ 
tuitive  reasoning  that  the  shorter  the 
time  to  successful  det  1  hri  1  hi t ion  ot  VF 
|to  a  rhythm  and  a  pulse),  the  better 
the  prognosis.  Further  studies  of  the 
time  parameters  m  cardiac  resuscita¬ 
tion  must  be  done 


FOCUS  FOR  FURTHER  STUDY 
Improvements  in  Chest 
Compression  Technique 

Considerable  refinement  in  the  un¬ 
derstanding  ot  the  mechanism  of 
blood  flow  with  SCPR  has  occurred 
since  the  original  proposal  by  Kou- 
wenhoven  ct  al  '•  The  foundations  tor 
the  systems  ot  prehospital  lav  rescuers 
and  FMS  systems  were  developed  in 
the  late  I  Wills  and  early  I’TMs,  before 
the  discovery  that  the  predominant 
mechanism  of  blood  flow  in  SC  PR  is 
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the  "thoracic  pump."  In  1976,  Cnley  et 
al27  published  their  observation  of 
"cough”  SCPR,  whereby  vigorous 
coughing  during  cardiac  arrest  could 
produce  near-normal  arterial  pressure. 
This  observation  soon  was  followed  by 
other  studies  that  refuted  the  cardiac 
compression  theory  of  SCPR2K  blood 
flow.  The  discovery  of  iugular  venous 
valves  at  the  level  of  the  thoracic  in¬ 
let,  which  may  create  a  low  iugular 
pressure  and  facilitate  brain  blood 
flow,  led  to  the  concepts  of  "new" 
SCPR.  By  simultaneously  providing 
ventilation  and  compressing  the  thor¬ 
ax  (SCV-CPRj,  increased  pressure  gra¬ 
dients  and  improved  carotid  artery 
flow  were  generated.  Since  Criley's 
discovery,  considerable  experimental 
work  has  been  done  to  find  ways  to 
improve  cerebral  and  myocardial 
blood  flow  in  SCPR.2* 

Several  refinements  of  the  original 
SCPR  technique  have  been  advocated 
as  ways  to  improve  cerebral  and/or 
coronary  artery  blood  flow.  These  are 
as  follows:  11  SVC-CPR,  simultaneous 
ventilation  with  chest  compression;29 
21  abdominal  binding;  '".'i  41  vol¬ 
ume  loading;'1  4)  negative  diastolic 
airway  pressure; 12  and  5!  1AC-CPR,  in¬ 
terposed  abdominal  compression- 
CPR.” 

Some  techniques  have  been  subject 
to  limited  clinical  trials  by  other  in¬ 
vestigators.  11  Of  the  techniques  pro¬ 
posed  thus  far,  IAC-CPR  seems  to 
have  the  greatest  potential  for  pre¬ 
hospital  use,  because  it  requires  no 
equipment  or  basic  technique  change. 
Studies  in  canine  models  have  shown 
substantial  increases  in  cardiac  out¬ 
put,  diastolic  arterial  pressure,  and  di¬ 
astolic  arterial-venous  pressure  dif¬ 
ference  as  compared  to  SCPR."  <J 
Berryman  and  Phillips  evaluated  the 
technique  in  a  group  of  cardiac  arrest 
patients  after  standard  resuscitation 
was  deemed  unsuccessful. Their  re¬ 
sults  showed  a  47%  increase  in  mean 
arterial  pressure,  and  a  49%  increase 
in  mean  perfusion  pressure  during 
IAC-CPR 

We  undertook  a  prospective,  ran¬ 
domized  study  comparing  IAC-CPR 
with  SCPR  tor  resuscitation  ot  pre¬ 
hospital  cardiopulmonary  arrest  vic¬ 
tims,  using  the  Milwaukee  County 
Paramedic  System  . Alter  endo¬ 
tracheal  intubation  and  initial  quick- 
look  detihnlialinn.  the  patients  were 
assigned  randomly  to  an  IAC-CPR 
group,  or  to  an  SCPR  group  when  they 
did  not  respond  to  the  initial  dc 


Annals  of  Emergency  Medicine 


fibrillation.  The  total  study  group 
comprised  291  patients.  The  two  ex¬ 
perimental  groups  were  compared  for 
resuscitation  rate  (survival  to  hospital! 
and  for  frequency  of  emesis  before  and 
after  intubation.  The  frequency  of 
emesis  was  studied  to  determine 
whether  abdominal  compression  in¬ 
creases  the  incidence  of  regurgitation. 
Of  the  291  patients,  146  had  SCPR  and 
45  (41%  I  were  successfully  resusci¬ 
tated.  Of  the  145  patients  treated  with 
IAC-CPR,  40  (28%)  were  successfully 
resuscitated  [P  =  NS).  There  was  no 
statistically  significant  increase  of 
emesis  with  IAC-CPR.  We  have  com¬ 
pleted  the  analysis  of  hospital  dis¬ 
charge  and  neurologic  recovery  rates 
of  the  survivors,  and  we  find  no  dif¬ 
ference  in  outcome  between  the  two 
techniques.  Large-scale,  randomized, 
prospective  studies  of  any  of  the  new 
SCPR  techniques  will  be  necessary  be¬ 
fore  they  may  be  accepted. 


Open-Chest  Cardiac  Massage 

Recent  questions  about  the  efficacy 
of  standard  SCPR  have  stimulated  a 
new  interest  in  research  with  open- 
chest  SCPR  (OC-CPR).'7  Experimen¬ 
tally  OC-CPR  generates  higher  ar¬ 
terial  and  lower  venous  pressures,  and 
produces  near-normal  cardiac  output 
and  perfusion  of  both  heart  and 
brain.  ’7  In  the  laboratory,  its  superi¬ 
ority  as  a  resuscitative  technique  is 
clear.  Early  clinical  series  reported  up 
to  a  28%  survival-to-discharge  rate, 
survival  after  two-and-one-half  hours 
of  OC-CPR,  and  successful  resuscita¬ 
tion  using  OC-CPR  after  75  minutes 
of  SCPR  had  failed.  '*  The  technique  is 
invasive,  but  has  a  remarkably  low  in¬ 
cidence  of  infection  and  iatrogenic  in¬ 
jury.  It  must  now  be  examined  in  di¬ 
rect  comparison  to  SCPR.  At  least  two 
randomized  studies  with  human  sub¬ 
texts  are  underway. 


CONCLUSIONS 

In  the  25-year  history  of  the  practice 
of  SCPR,  there  has  been  a  heightened 
public  awareness  and  the  formation  of 
organized  prehospital  systems  that 
have  had  significant  impact  on  com¬ 
munities  Early  SCPR  studies  were 
not  tightly  controlled,  but  did  gener¬ 
ate  some  evidence  tor  effectiveness  ol 
bystander  SCPR  and  evidence  to  sup¬ 
port  tile  rapid  delivery  ol  definitive 
care  In  some  systems,  the  importance 
ol  the  hvstander  initiating  SCPR  may 
have  been  overshadowed  bv  the  provi¬ 
sion  ol  a  swilt  EMS  res|  onsc  Examin- 
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ing  SCPR  as  a  multifunctional  process 
and  analyzing  the  importance  of  each 
of  its  elements  may  be  important  in 
solving  some  of  the  apparent  inconsis¬ 
tencies  between  studies.  Large,  ran¬ 
domized  studies  of  SVC-CPR  and  OC- 
CPR  in  comparison  to  SCPR  are 
needed. 

A  uniform  reporting  system  for 
data,  such  as  those  proposed  by  Pol- 
mtskysl  and  Eisenberg  et  al,U)  must  be 
widely  applied.  A  reexamination  of 
the  original  data  by  each  study  group 
and  republication  of  the  findings  using 
a  uniform  reporting  system  format 
would  be  an  important  contribution 
to  our  understanding  of  the  clinical 
application  of  SCPR.  A  national  cau¬ 
cus  to  devise  and  disseminate  a  stan¬ 
dard  data  format  should  be  a  priority 
for  prehospital  investigators. 
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Try  Acme  Disposable 
Instrument  Trays 

ONE  TIME  combines 
economy  with  class 


Reusable  quality  at  disposable  prices?  But  of  course! 
With  One  Time,  you'll  cut  costs  without  cutting  per¬ 
formance.  Scissors.  Scalpels.  Forceps.  Hemostats. 
Needle  holders.  All  are  custom  forged,  precision- 
ground  instruments  of  nickel-plated  steel  manufactured 
in  the  U  S  A 

And  fortunately,  all  are  at  your  disposal  in  the  largest 
selection  of  procedure  trays  available.  From  Wound 
Closure  to  General  Purpose ...  we  have  prepackaged  trays 
with  the  appropriate  instruments  and  supplies  to  match 
your  procedures  We  can  also  customize  special  trays 
for  specific  needs.  Whichever  you  choose,  both  offer 
dramatic  savings  over  hospital-prepared  trays. 

In  fact,  Acme  has  been  instrumental  in  saving  money  in 
many  hospitals.  Consider  these  documented  examples*: 


•  Utilizing  the  General  Purpose  Tray  only,  a  750-bed 
Boston,  Massachusetts,  hospital  figured  a  savings  of 
$5.41  per  tray  or  $23,371.20  per  year.  (Based  on 

a  reported  usage  of  4,320  trays  annually.) 

•  A  201-bed  hospital  in  Chicago,  Illinois,  using  just 
the  Wou;  i  Closure  Tray  can  save  $8.93  per  tray  or 
$3,000.48  annually.  (Based  on  a  reported  usage  of 
336  trays  per  year.) 

As  you  can  see,  One  Tim o  really  does  combine 
economy  with  class.  And  Acme  would  be  delighted  to 
prove  it  with  a  FREE  demonstration  and  cost  evaluation 
for  your  department.  Simply  contact  us  at: 

1  •80O-TEL- ACME 
(1-800-835-2263) 


Acme  has  the  most  complete  line  of 
standard  disposable  trays  and 
instruments  available.  We  can  also 
customize  special  trays  for  special  needs. 
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Acme  makes  disposable  trays 
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Acme  United  Corporation 

Medical  Products  Division 
Fairfield,  Connecticut  06430 


'Data  on  file  at  Acme  United  Corporation 


Changing  the  way  the  world  heals 
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Bruce  A.  Flashner,  M.D. 

with  partners  and  associates  of 

The  Flashner  Medical  Partnership 

presents  a  unique  concept  in 
seminars  that  takes  you  from 
the  first  step  to  the  very  top! 

Seminar  will  be  held: 

September  21st  9  a.m.  -  5  p.m. 
September  22nd  9  a.m.  -  4  p.m. 

Catch  the  concept  before  the 
concept  catches  you 
(or  your  patients)! 


Convenient 
Extended  Hour 
Care  Center 
Seminar 


INSIGHT  —  "T borough.  practical,  well-planned,  well-paced,  easily  digested,  easily  applied,  lull  ol  "pearls.  "  timely,  information  not 
available  elsewhere  "  GP.MD,  Boston.  MA 

On  Saturday,  September  21  st  and  Sunday.  September  22nd  you  could  accumulate  enough  knowledge  to  successfully  OPEN,  OPERATE 
and  PROFIT  in  your  own  free-standing  immediate  care  center  practice  or  expand  the  practice  you  are  currently  operating  This  will  be  a 
DETAILED  OPERATIONALLY  ORIENTED  presentation  developed  for  physicians,  managers,  entreprenuers,  and  hospital  ad¬ 
ministrators  Clear,  concise  details  that  will  show  you  how  toiom  in  on  this  growing  industry  with  as  little  as  $1 0.000  of  your  own  capital 

INFORMATION— "Comprehensive  straight  forward  information  that  anyone  considering  such  an  endeavor  shouldn  t 

be  without I"  M  S  ,  Florence.  S  C 
This  unique  seminar  will  literally  walk  you  through 
DEVELOPMENT  EQUIPMENT  AND  SUPPLY  NEEDS  FINANCING  OWNERSHIP 
MEDICAL  ORGANIZATION  LEGAL  AND  REGULATORY  ISSUES  STAFFING  PATIENT  FLOW 
WORKER  S  COMPENSATION  OPERATIONS  ACCOUNTING  BILLING  RECEIVABLES 

MARKETING  AND  ADVERTISING  COMPUTERS 
INSTRUCTION — "Very  practical  and  nuts  and  bolts'  type  information  which  wilt  help  me  greatly 

when  I  open  my  center  "  WM.MD.  Milford.  MA 
No  seminar  has  ever  been  able  to  offer  so  much  because  no  single  group  has  acquired  so  much 
hands  on  experience  Recently.  The  Flashner  Medical  Partnership  sold  22  of  The  Doctors 
Officenters  to  Humana.  Inc.  FMP  continues  however,  to  provide  the  medical  services  at  22 
Chicago  area  offices  At  the  same  time,  the  partnership  totally  owns  and  operates  9  centers  in  the 
New  York  market  areas  Dr  Flashner.  along  with  his  partners  and  management  associates  are 
among  the  leading  recognized  experts  in  their  areas  of  expertise 
TWO-DAY  SEMINAR  REGISTRATION— The  fee  for  this  seminar  is  $1000  For  each  additional 
attendee  from  the  same  organization  the  fee  is  $850  For  those  individuals  whose  registration  is 
post  marked  before  September  6th.  save  $50  on  each  attendee  The  fee  includes  all  workbook 
materials,  seminar  instruction,  refreshment  breaks  and  lunches  The 
seminar  will  be  held  at  the  Marriott  O'Hare  Hotel  8535  W  Higgins  Road. 
Chicago.  Illinois  60631  (312)  693-4444  conveniently  located  near  O'Hare 
airport  The  entire  fee  is  refundable  if  cancellation  notice  is  received  in  our 
office  by  September  6.  1985  Airline  and  Hotel  Room  Reservations  may  be 
made  through  Travel  Duet.  Inrt  by  calling  toll  free  1-800-323-1276  (please 
refer  to  The  Flashner  Medical  Partnership  seminar)  As  an  added  bonus  to 
seminar  participants  Travel  Duet  has  arranged  for  a  35%  discount  for  all 

travelers  flying  United  Airlines. 

#The  Flashner  Medical  Partnership 

312-433-6411  or  1-800-633-2373 


REGISTRATION  FORM 

The  Convenient  Extended  Hour  Physician's  Ollice  Seminar 

;  Please  reserve  registrations  for  your  two-day  program 

Registrants  (please  print) 

'  Check  enclosed  for  $  Payable  to  The  F  lashner  Medical  Partnership 

■;  :  Mastercard  1  '  Visa  Account  Number  _ — . — —  


:  :  Check  enclosed  for  $ 

L!  Mastercard  1  '  Visa 

Signature - 

NAME _ 

Organization  - - — 

City _ _ _ Stai 

NAME _ 

Organization - 


_ Address _ 


Send  to  The  Flashner  Medical  Partnership 
Attn  Deborah  Gold  477  Roger  Williams  Ave  Highland  Park  IL  60035 
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SPECIAL  CONTRIBUTION 

computers  CPR  defibrillator,  resuscitation 


Automatic  External  Defibrillators: 
Clinical,  Training,  Psychological,  and 
Public  Health  Issues 


Automatic  external  defibrillators  lAEDs)  will  be  used  by  spouses,  family 
members,  emergency  first-responders,  and  the  citizenry  at  large.  Such  use. 
however,  raises  a  number  of  clinical,  training,  psychological,  and  public 
health  issues.  Clinical  issues:  Is  cardiac  arrest  to  be  verified  hv  the  operator 
or  the  AF.DI  Second  verification  systems,  such  as  breath  detectors,  produce 
errors  of  omission,  but  greatly  expand  the  pool  of  potential  users.  The  rela¬ 
tive  merits  of  high  sensitivity  and  low  specificity  in  arrest  verification  must 
be  defined  by  clinicians  relative  to  the  setting  and  the  potential  users.  AEDs 
require  cessation  of  basic  CI’R  during  their  assessment  periods ;  clinicians 
must  determine  the  tradeoff  between  long  interruption  of  basic  life  support 
and  much  earlier  delivery  of  countershocks.  Training  issues:  Criteria  for 
those  to  be  trained  include  consideration  of  who  the  patient  will  be  and 
who  the  AED  operator  might  be.  AEDs  pose  a  familiar  adult  education 
problem,  that  is.  acquisition  of  a  new  psychomotor  skill  and  retention  of 
that  skill  for  long  periods  before  performance.  What  are  the  best  teaching 
techniques >  Currently  available  AEDs  have  different  designs  for  device-oper¬ 
ator  interaction.  Which  design  is  most  likely  to  assure  proper  performance 
during  an  actual  arrest 1  Psychological  issues:  What  are  the  psychological 
effects  of  learning  about,  living  with,  and  eventually  using  an  AED’  The 
development  of  the  automatic  external  defibrillator  constitutes  the  most 
recent  attempt  to  achieve  early  defibrillation  of  patients  m  cardiac  arrest. 
The  potential  public  health  effect  of  such  devices  is  enormous.  / Cummins 
P( ).  Eisenberg  MS.  Moore  IE.  Hearne  TR.  Andresen  E.  Wendt  R.  L.itwm  l’E. 
Chaves  IR.  Hallstrom  AP,  Pierce  /:  Automatic  external  defibrillators: 
Clinical,  training,  psychological,  and  public  health  issues.  Ann  Fmerg  Meil 
August  mS;Ul:7S5-7(>O.I 

INTRODUCTION 
Who’s  Got  the  Joules? 

Early  defihrillatiim  alone  can  improve  the  survival  ot  patients  who  collapse 
in  ventricular  fibrillation  |VF). 1  For  decades,  the  care  of  out-ot-hospital  car¬ 
diac  arrest  patients  has  focused  on  who  carries  the  defibrillator  and  performs 
the  defibrillation. *  First,  defibrillators  were  brought  to  the  patient  by  physi¬ 
cians  in  mobile  coronary  care  units  1  Then  highly  trained,  nonphysician  pci 
sound  (paramedics)  were  shown  to  substitute  adequately  tor  physicians. ' 
More  recently,  less  skilled  emergency  personnel,  emergency  medical  techni¬ 
cians  [EMTsI,  have  been  trained  to  detibrillalc  patients,  and  then  effective¬ 
ness  has  been  confirmed  in  several  controlled  evaluations.1  ’  Each  successive 
transfer  ot  defibrillator  operation  has  been  an  effoit  to  get  the  dchbrillutoi  to 
the  collapsed  patient  more  quickie 

I  lie  ultimate  extension  of  these  efforts  to  achieve  cailici  dcfihrillation  has 
been  to  give  the  defibrillator  to  the  patient  in  the  form  of  automatic  im¬ 
plantable  defibrillators,"  or  to  tannlv  members  and  couoikcis  m  the  form  of 
automatic  or  semi  automatic  external  dclibi illatois  In  theory  the  public 
health  impact  of  such  devices  gn  part ic n lai  the  automatic  external  dc 
1 1  hr  1 1 1  a  tor'  wall  he  enormous."  I  he  potential  widespread  use  of  automatic 
external  defibrillators  hv  spouses,  tannlv  mcmbeis  emergence  fust  re¬ 
sponders,  and  the  citircnrv  at  large  i.iises  a  mmrbei  of  e  iinical  naming,  pub 
In  health  and  psychological  issues  which  aie  piesented  lieu  I  he  discus 
sion  is  based  on  om  experience  w  nil  automatic  extern  il  dctibiill.uots  used  in 
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AUTOMATIC  EXTERNAL  DEFIBRILLATORS 
Cummins  et  al 


the  home  and  hy  minimally  trained 
emergency  personnel. 1 

TYPES  OF  DEFIBRILLATORS 

By  1985,  four  general  types  of  de¬ 
fibrillators  were  available  for  use  in 
the  prehospital  setting.  From  the  per¬ 
spective  of  "who's  got  the  joules," 
each  type  involves  different  issues. 

Blind  Defibrillators 

Defibrillators  are  sold  with  no 
means  of  rhythm  identification.  Al¬ 
though  these  defibrillators  are  usually 
meant  to  be  components  of  a  larger 
system  that  includes  a  monitor,  the 
device  is  available  separately.  No  oper¬ 
ator  knowledge  of  cardiac  rhythms  is 
necessary  or  even  useful  with  such  de¬ 
vices.  This  defibrillator  may  be  at¬ 
tached  quickly  to  a  patient  in  cardiac 
arrest,  and  a  countershock  may  be  de¬ 
livered.  Because  ventricular  fibrilla¬ 
tion  is  the  most  common  initial 
rhythm  in  cardiac  arrest,  there  is  a 
certain  rationale  for  such  devices. 
Blind  defibrillators  arc  sold  almost  ex¬ 
clusively  to  dental  professionals,  who 
have  an  extremely  small  expectation 
of  caring  for  patients  in  cardiac  arrest, 
hut  who  have  some  legal  responsibil¬ 
ity  to  provide  emergency  care  should 
an  arrest  occur. 

Standard  Manual  Defibrillators 

Standard  manual  defibrillators  pro¬ 
vide  the  operator  with  some  method 
tor  visual  identification  of  the  cardiac- 
rhythm.  These  devices  require  max¬ 
imum  operator  knowledge  and  skill 
Training  in  rhythm  recognition  and 
proper  operation  of  the  manual  de¬ 
fibrillator  can  be  accomplished  in  a 
10-  to  12  hour  course  for  most  emer¬ 
gency  medical  paraprofessionals. 1  •’ 
Operation  of  a  manual  defibrillator  re¬ 
quires  frequent  practice,  refresher 
training,  and  field  experience. 

Semiautomatic  External 
Defibrillators 

Semiautomatic  external  defibril¬ 
lators  have  two  adhesive  electrodes 
that  are  easily  attached  to  the  chest  ot 
a  person  m  cardiac  arrest.  Messages  on 
a  liquid  crystal  display  screen  guide 
the  operator  through  verification  ot 
cardiac  arrest,  and  tell  the  operator 
not  to  touch  the  patient  while  the 
rhythm  is  automaticullv  assessed  II 
VF  is  present,  the  device  “advises  a 
shock"  and  cues  the  operator  to  press 
a  "shock"  button  I  lie  device  delivers 
the  countershock  through  the  ad¬ 


hesive  electrodes.  Most  lay  people  can 
learn  to  operate  these  defibrillators. 
Rhythm  identification  by  the  operator 
is  not  necessary,  hut  these  devices  do 
require  an  important  operator  decision 
and  action  (to  push  the  "shock  con¬ 
trol"  switch  if  a  shock  is  "advised"). 

Fully  Automatic  External 
Defibrillators 

As  do  semiautomatic  defibrillators, 
these  sense  cardiac  rhythm  through 
two  adhesive  pads  attached  to  the 
chest  (some  models  have  one  of  the 
two  electrodes  incorporated  in  an  oral 
airway).  The  operator  must  attach  the 
device  properly  and  press  the  power 
ON  switch.  Once  attached  and  placed 
in  automatic  mode,  these  defibril¬ 
lators  analyze  the  surface  ECG  signal 
and  automatically  charge  and  deliver 
countershocks  if  ventricular  fibrilla¬ 
tion  is  present.  No  further  operator  ac¬ 
tions  are  required.  These  defibrillators 
require  minimum  operator  knowledge 
and  skill:  no  operator  decisions  arc 
necessary  beyond  attaching  the  device 
to  a  patient  and  turning  on  the  power. 

ISSUES  RAISED  BY  AEDs 
Verification  of  Cardiac  Arrest 

There  is  concern  among  people  in¬ 
volved  with  the  development  of  AEDs 
about  whether  AEDs  will  be  used 
only  by  individuals  trained  to  diag¬ 
nose  a  cardiac  arrest  (that  is,  trained 
to  recognize  an  unconscious,  pulse¬ 
less,  and  breathless  individual),  or 
whether  the  devices  will  occasional¬ 
ly  be  used  by  unskilled,  minimally 
trained  individuals.  Inadequate  assess¬ 
ment  of  the  need  for  ventilation  and 
compression  has  been  reported  fre¬ 
quently  in  studies  examining  skill  re¬ 
tention  in  CPR  trainees.  An  un¬ 
sophisticated,  inexperienced  operator 
may  contuse  a  number  of  conditions 
syncope,  alcohol  or  drug  intoxica¬ 
tion,  seizures,  or  shock  —  with  car¬ 
diac  arrest.  In  these  and  other  situa¬ 
tions,  surface  signal  noise  from 
patient  movements,  loose  leads, 
environmental  sources,  or  even  per¬ 
fusing  rhvthms  with  unusual  charac¬ 
teristics  could  tool  a  VI  detector  de¬ 
pending  on  the  surface  LOG  A 
potcntialk  lethal  countershock  could 
be  delivered 

One  is  led  to  the  question  ot 
whether  AEDs  must  he  manufactured 
with  a  system  for  verification  ot  cat 
diac  arrest  independent  ot  the  surface 
ECO,  or  whether  the  assumption  can 
be  made  that  operators  of  the  device 


Fig.  Step-by-step  guide  to  the  use  of 
the  automatic  external  defibrillator. 
This  demonstrates  the  relative  com¬ 
plexity  of  integrating  basic  cardiopul¬ 
monary  resuscitation  with  the  attach¬ 
ment  and  operation  of  the  A  El). 
I Developed  by  and  used  with  the  per¬ 
mission  of  the  King  County  Emergen 
cy  Medical  Services  Division.) 


will  attach  it  only  to  people  in  full 
cardiac  arrest.  Currently  available 
AEDs  possess  second  verification  sys¬ 
tems.  One  device  has  an  optional 
breath  detector  incorporated  into  an 
oral  electrode  to  assure  that  respira¬ 
tions  have  ceased.  This  oral  electrode 
also  stimulates  the  gag  reflex,  thus 
acting  as  an  additional  indicator  that 
blood  flow  to  the  midhrain  has  ceased. 
The  AED  of  another  manufacturer 
measures  impedance  between  its  two 
sternal/apex  adhesive  electrodes  as  a 
method  to  detect  chest  wall  respira¬ 
tory  movements.  Both  products  send 
high-frequency  impedance  signals  be¬ 
tween  the  electrodes  to  detect  loose 
leads 

The  understandable  concern  to 
make  the  devices  as  safe  as  possible  in 
all  circumstances  may  result  in  sate 
but  relatively  ineffective  products. 
When  placed  in  the  home,  the  work¬ 
place,  and  by  first-responders,  AEDs 
will  frequently  be  attached  to  cardiac- 
arrest  patients  within  one  to  two  min¬ 
utes  of  the  collapse.  Many  of  these  pa¬ 
tients,  even  though  they  may  he  in  VF, 
may  still  have  agonal  respirations,  sei¬ 
zures,  or  other  body  movements.  It  a 
second  verification  system  requires 
complete  absence  of  respiratory  and 
other  movement  before  delivery  ot  a 
countershock,  the  advantages  ot  early 
dcfihtillation  are  lost.*11  In  the  hands 
ot  trained  EMS  personnel,  a  second 
verification  system  is  unnecessary 
and,  in  tact,  has  prevented  rhythm  as¬ 
sessment  and  shock  delivery  in  sever¬ 
al  patients.1’ 

The  Sensitivity/Specificity  Issue 

How  sensitive  must  an  AED  be’  Is 
there  a  dividing  line  between  asystole, 
a  rhvthm  that  perhaps  need  not  he 
shocked,  and  ventrietilai  fibrillation, 
which  should  be-’  Ot  the  ALDs  cur 
rcntly  available,  one  device  requires  a 
signal  amplitude  ot  1 .5  mm  il  50  nil 
erovolts',  and  anothei  requires  2  0 
mm  1 200  microvolts!.  Clinicians 
would  not  accept  t.uluic  to  shock  a 
patient  whose  VI  is  almost  2  0  mm 
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HEART  AID 

GUIDE 
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ASSESS  ABC's 
AIRWAY  OPEN 


BREATHING? 

LOOK,  LISTEN  &  FEEL 


CHECK  PULSE 


CALL  EMS 

•  ADDRESS 

•  CPR  IN  PROGRESS 
BRING  H.A.TO  PATIENT 


CPR  ONE  CYCLE 


2  BREATHS  15  COMPRESSIONS 
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CAUTION 

HEART  MO  WU  NOT  OPERATE 
WMLE  IN  CHARGING  RACK 


HEART  AID 


COUNT  T0 15 


HEART  AID 


CONNECT 
HEART  AID 


TURN  ON 

STAND  BACK 
WHEN  VOICE  STOPS 
COUNT  T0 15 


TURN  OFF 


CHECK  PULSE 

IF  PULSE  MONITOR 
BREATHING 

IF  NO  PULSE 
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•ii 
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CPR  ONE  CYCLE 

REPEAT 5-8 
&  UP  TO  3X  THEN 

CONTINUE  CPR 
.  Y)  UNTIL  HELP 
K  TAKES  OVER. 


2  BREATHS  15  COMPRESSIONS 
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high.  The  difficulty  is  that  a  device 
that  is  sensitive  to  very  fine  VF  will 
probably  have  lower  specificity,  and 
may  misdiagnose  signal  noise  as  VF, 
Furthermore,  optimal  sensitivity/spe¬ 
cificity  may  vary,  depending  on  the 
clinical  setting  and  the  operator. 
When  used  by  trained  and  experienced 
IMS  personnel,  and  AED  may  have 
high  sensitivity  and  low  specificity, 
because  the  operators  are  able  to  ver¬ 
ify  cardiac  arrest  and  react  to  and 
minimize  signal  noise.  In  settings  in 
which  early  defibri  1  latory  capability 
never  existed  in  the  home  or  in  re¬ 
mote  or  rural  areas,  an  AED  with  only 
modest  sensitivity  may  represent  a 
marked  improvement.  Because  the  op¬ 
erator  in  these  settings  will  have  had 
little  experience  with  cardiac  arrests, 
low  sensitivity  with  high  specificity 
may  be  preferred. 

Algorithm  programs  for  the  detec¬ 
tion  of  cardiac  rhythms  by  AEDs  iden¬ 
tify  VF  through  analysis  of  different 
features  or  different  combinations  of 
features  of  the  EGG  signal.  These  in¬ 
clude  amplitude,  frequency,  wave  form 
morphology,1'  power  spectrum  densi¬ 
ty, 11  time  domain  technique,1’  and 
time  away  from  the  isoelectric  line.1' 
When  a  patient's  rhythm  meets  the 
device's  criteria  for  VF,  the  device  will 
deliver  a  countershock.  The  advantage 
of  AEDs  is  that  the  criteria  tor  VF  (de¬ 
pending  on  the  setting,  the  operator, 
and  the  local  standard  of  card  can  he 
changed  by  the  manufacturer.  Clini¬ 
cians  using  the  results  of  field  trials 
must  help  define  these  criteria. 

The  "Stop  CPR"  Issue 

An  AED  requires  a  minimum 
amount  of  time  to  assess  cardiac 
rhythm,  to  charge  its  capacitors,  and 
to  deliver  the  countershock.  Basic  life 
support  in  the  form  of  CI’R  must 
cease  during  this  period.  Although 
AHA  standards  are  that  basic  CI’R 
should  not  he  interrupted  tor  more 
than  five  seconds,  currently  available 
AEDs  require  that  CI’R  stop  tor  at 
least  It)  to  Is  seconds.  All  attempt  to 
sequence  countershocks  would  re¬ 
quire  even  longer  interruptions.  What 
is  the  tradeoff  between  long  interrup¬ 
tions  of  basic  life  support  and  the 
much  earlier  delivery  ot  counter- 
shocks-’  Data  from  many  studies  eon 
turn  the  necessity  ot  carle  conn 
tershoeks  CI’R  does  not  detihrillate 
people,  electricity  does  1  ‘  i'-  Nciet 

thcless  there  is  strong  resistance  trom 
some  dime  lane  and  1  MS  personnel  to 


the  requirement  tor  relatively  long  in¬ 
terruptions  ot  CI’R.  These  attitudes, 
plus  misconceptions  such  as  the  idea 
that  detibrillation  should  he  delayed 
while  CI’R  is  administered  to  "prime" 
VF  tor  easier  conversion,  may  inhibit 
wide  acceptance  ot  AEDs. 

Who  Should  Be  Trained? 

An  AED  requires  two  people:  the 
patient  who  has  experienced  a  cardiac- 
arrest  and  may  need  detibrillation,  and 
the  operator  who  must  recognize  the 
cardiac  arrest  and  properly  attach  the 
AED.  Depending  on  the  setting,  find¬ 
ing  the  suitable  combination  ot  pa¬ 
tient  and  operator  can  be  complicated. 
For  example,  there  are  many  patients 
at  high  risk  tor  lethal  arrhythmias 
who  theoretically  would  be  prime 
candidates  for  home  placement  of  an 
AED.  Many  ot  these  patients,  how¬ 
ever,  may  not  he  appropriate  candi¬ 
dates.  This  group  may  include  many 
permanently  disabled  patients  in  ex¬ 
tended  care  facilities.  Clinicians  and 
family  members  must  decide  on  the 
propriety  ot  placement  ot  an  AED,  de¬ 
pending  on  the  clinical  condition  of 
the  patient  and  individual  preferences. 

Patients  who  are  excellent  candi¬ 
dates  tor  AED  placement  at  home 
may  lack  an  operator  who  will  he 
available  readily,  thus  having  a  high 
likelihood  ot  witnessing  the  arrest.  In 
our  experience,  we  have  often  decided 
not  to  place  an  AED  because  a  patient 
lived  entirely  alone,  or  was  left  alone- 
much  ot  the  day  when  family  mem¬ 
bers  attended  to  their  other  respon¬ 
sibilities.  Patients  who  have  returned 
to  work  alter  a  cardiac  arrest  have 
faced  the  problems  ot  having  to  carry 
the  AED  to  work,  and  ot  obtaining 
AED  training  tor  their  coworkers  and 
other  non  household  members  Simi¬ 
larly  we  have  been  unable  to  designate 
an  appropriate  AED  operator  in  some- 
cases  because  ot  the  physical  dis¬ 
abilities,  intellectual  limitations,  or 
incompatible  attitudes  of  the  potential 
operator 

Skill  Acquisition  ami 
Retention  Issues 

Because  ot  the  demonstrated1  ’  |s 
belief  1 1  ot  eai  l\  b\ st.indei  imt  i.ited 
(  I’R  and  because  ot  AHA  standards, i" 
one  pel  son  t  PR  ti.  lining  lias  been  in 
tegr.it i'il  into  Al  l )  piutueols.  I  lie  skill 
ot  using  an  Al  D  is,  in  large  part,  the 
skill  ot  basic  (  PR  I  oi  the-  opciatoi. 
learning  to  use  an  AID  m  inmhma 


non  with  basic  (  PR  poses  a  familiar 
problem  m  adult  education  that  ot 
acquiring  a  new  psvehomotot  skill 
dining  initial  training,  and  then  re 
taming  that  skill  tor  weeks  or  months 
before  tinallv  being  called  on  to  per¬ 
form 

To  teach  AED  operation,  we  have 
used  a  highly  individualized,  multi¬ 
media  approach  including  verbal  ex¬ 
planation,  visual  aids,  observed  dem¬ 
onstrations,  participatory  demonstra¬ 
tions,  role-playing,  and  coaching 
Every  operator  is  trained  until  he  per¬ 
forms  the  AED  arrest  protocol  to  meet 
predetermined  criteria. 

A  number  ot  studies  have  demon¬ 
strated  a  marked  deterioration  over 
time  in  the  psychomotor  skills  ot 
CI’R.1"-"-'  Our  experience  confirms 
these  observations.  To  address  the 
problem  of  skill  retention,  our  re¬ 
search  team  revisits  each  patient  and 
his  AED  operators)  at  intervals  ot  six 
weeks,  three  months,  six  months,  and 
one  year  after  initial  training.  The 
AED  operator  is  retested  at  these  vis¬ 
its  and,  if  performance  is  weak,  he  is 
retrained  to  meet  criteria.  Several 
methods  of  enhancing  skill  retention 
are  used,  including  homework  assign¬ 
ments  to  practice  using  the  AED,  and 
telephone  reminders. 

The  central  question  in  skill  ac¬ 
quisition  and  retention  is  whether 
family  members  will  operate  the  AED 
properly  during  an  actual  cardiac  ar¬ 
rest.  At  the  time  ot  a  cardiac  arrest, 
the  AED  operator  must  remember  and 
perform  an  ordered  sequence  ot  ac¬ 
tions  (Figure).  These  acts  must  be  re¬ 
membered  and  performed  during  an 
intensely  dramatic  and  emotion-tilled 
moment,  that  ot  the  sudden  death  ot  a 
close  companion  or  tamilv  member  It 
is  too  soon  to  dtaw  conclusions  about 
bow  the  ALD  opciatoi  will  perform  at 
these  moments  Only  two  patients 
cm ol led  m  the  ALD  study  gtoup  have 
suttcrcd  a  catdiac  .mest  Ncithei  opci 
atoi  pcrtoimcd  tile  piotocol  (lawlessly, 
and  one  opeiutoi  eiied  ill  a  w.n  that 
would  have  picicnfed  a  i  oiilltelshoi  k 
ot  yeiiUKiil.il  libi  ill.u  ion  In  the  Ml) 
illi.H  patient  was  ui u  in  \  t  1 

Device-Operator  Interaction 

(oven  the  complexity  ol  aitualh 
using  an  Al  D  at  tin  turn  ol  a  i aidi.n 
ailest.  then-  is  a  question  mineming 
tile  best  design  loi  inlii.ution  In 
tween  tile  opct.itoi  and  tile  deyin 
I  lie  m.mut.ii  t  til  el  s  ol  tin  two  i  ill 
lentil  .nailable  \l  IK  ban  inki.it 


758 


Annals  of  Emergency  Medicine 


somewhat  different  approaches.  One 
device  requires  the  operator  to  memo¬ 
rize  a  sequence  ot  steps  and  possible 
patient  responses  (Figured.  A  voice 
synthesizer  provides  verbal  cues  tor 
stopping  CI’R,  cheeking  loose  elec¬ 
trodes,  and  avoiding  contact  with  the 
patient  during  capacitor  charge  and 
countershock 

With  the  other  device,  the  operator 
is  led  through  a  sequence  ot  steps  in 
an  interactive  fashion,  with  the  oper¬ 
ator  indicating  when  each  step  has 
been  completed  by  pushing  YES  NO 
control  switches.  The  operator  also 
must  push  a  button  to  deliver  an  indi¬ 
cated  shock  The  sequencing  ot  steps 
and  the  occurrence  ot  errors  are 
shown  on  a  liquid  crystal  display  that 
the  operator  must  read.  Both  devices 
supply  additional  information  to  the 
user  bv  alarm  tones  and,  in  the  case  ot 
the  fully  automatic  defibrillator,  light 
signals 

Which  ot  the  two  approaches  (mem¬ 
orization  ot  the  protocol  sequence,  or 
sequenced  visual  prompts  that  give 
step-by-step  guidance  to  the  operator) 
is  more  effective  is  questionable.  At 
present  we  think  successful  use  ot  an 
AEH  is  more  dependent  on  overall 
training  than  on  the  details  of  device¬ 
operator  interaction.  It  the  operator 
makes  appropriate  initial  responses, 
including  initiation  ot  CPR,  activation 
ot  the  emergency  medical  system,  re¬ 
trieval  ot  the  ALl).  and  attachment  ot 
the  device  to  the  patient,  we  think  ap¬ 
propriate  response  to  the  AEDs  sig¬ 
nals  should  he  forthcoming  High- 
quality  training  and  frequent  practice 
should  permit  either  device  to  he  used 
effectively. 

We  have  learned  that  the  most  diffi¬ 
cult  aspect  ot  the  AED  protocols  is 
not  pushing  the  switches  on  the  de¬ 
vice,  hut  interposing  the  steps  ol  basic 
t ’ I ’ K  with  retrieving  and  operating  the 
All)  One  way  to  simplify  training 
and  actual  use  ot  the  device  would  he 
to  eliminate  a  prescribed  period  ot  ini¬ 
tial  l  TIT  and  to  eliminate  interposed 
OPR  between  AED  assessment  and 
treatment  cycles.  This  would  simplify 
greatlv  the  protocol  sequence,  increase 
the  probability  ot  correct  AED  opera¬ 
tion.  and  shorten  the  time  to  shock 
administration  OPR  would  he  started 
immediately  after  a  rapid  series  ot 
shocks  it  the  patient  hail  not  regained 
a  palpable  pulse  As  clinical  experi¬ 
ence  is  gained  with  AEDs,  we  may 
learn  that  to  assure  a  high  frequency 
ot  satistaitorc  attachment  and  opera¬ 


tion,  prior  and  interposed  OPR  cycles 
may  have  to  he  eliminated  for  mini¬ 
mally  trained  lay  responders. 

Psychological  Issues 

By  definition,  candidates  for  home- 
placement  of  an  AED  are  at  high  risk 
for  sudden  cardiac  arrest.  In  our  study, 
we  have  enrolled  only  those  patients 
who  have  recently  experienced  an  out- 
of-hospital  cardiac  arrest.  The  period 
following  such  an  event  is  a  time  of 
major  psychological  adiustment.  It  is 
not  known  how  learning  about  and 
living  with  an  AED  in  this  period  will 
affect  patients  and  their  families.  We 
have  been  evaluating  the  psychologi¬ 
cal  and  behavioral  effects  of  cardiac  ar¬ 
rest  in  patients  and  their  families,  the 
changes  in  adjustment  over  time  fol¬ 
lowing  an  arrest,  and  the  psychologi¬ 
cal  and  behavioral  effects  of  AED 
training  and  home  placement  Our  re¬ 
sults  thus  far  suggest  that  home  place¬ 
ment  of  an  AED  imposes  no  signifi¬ 
cant  detrimental  effects,  either  psy¬ 
chological  or  behavioral,  when  com¬ 
pared  to  training  m  C'I’R  alone  1 1 E 
Moore,  et  al,  unpublished  data).  In¬ 
deed,  our  results  indicate  that  patients 
are  better  adiusted  psychologically 
alter  their  spouses  have  been  trained 
either  in  AED  use  and  CPR  or  CPR 
only. 

Patients  and  family  members  in  our 
study  have  expressed  generally  posi¬ 
tive  attitudes  toward  training  m  CPR 
and  use  ot  an  AED.  In  the  homes  of 
two  patients,  however,  conspicuous 
display  of  the  AED  caused  distress,  so 
much  so  that  the  location  of  the  de¬ 
vice  ire-commended  to  be  placed  near 
the  telephone'  was  changed.  Family 
members  cite  a  sense  of  security  that 
comes  from  having  such  a  device,  and 
a  fulfillment  of  then  needs  to  he  able 
to  "do  something"  should  the  patient 
have  a  cardiac  arrest.  Chadtla  and 
Kammcrcr  have  observed  similar 
positive  attitudes  in  their  study  of 
home  defihrillation  and  CPR  train¬ 
ing.’1  When  clinical  uses  ot  the  AEDs 
occur,  we  will  assess  positive  out¬ 
comes,  such  as  a  sense  ot  accomplish¬ 
ment  that  something  was  attempted, 
and  negative  outcomes,  such  as  guilt 
from  failure  to  use  the  device  cor¬ 
rectly. 

In  our  study,  we  have  observed  a 
tendency  m  both  patients  and  spouses 
to  deny  the  patient’s  increased  health 
risk,  and  to  attempt  to  reduce  psycho¬ 
logical  stress  for  the  patient  Ihrough 
these  mechanisms  ot  denial  and 


avoidance  of  stress,  our  patients  ap¬ 
pear  m  general  to  have  experienced 
only  mild  psychological  disturbances, 
disturbances  that  largely  have  disap¬ 
peared  within  three  months  of  the 
original  cardiac  event.  Denial  can  be  a 
useful  mechanism  for  facilitating  ad¬ 
iustment,  as  well  as  tor  increasing  sur¬ 
vival  for  cardiac  patients.  We  suspect, 
however,  that  this  occurrence  of  de¬ 
nial  may  constitute  a  future  barrier  to 
home  placement  ot  AEDs.  Patients 
and  family  members  who  perceive  lit¬ 
tle  or  no  vulnerability  to  a  future  car¬ 
diac  arrest  are  unlikely  to  accept  such 
a  device,  especially  if  it  represents  ma¬ 
jor  time  and  financial  costs. 

We  have  encountered  other  psycho¬ 
logical  barriers  to  acceptance  of  AEDs 
in  the  home.  In  addition  to  an  occa¬ 
sional  lack  oi  medical  sophistication 
and  understanding,  these  is  also  a  gen¬ 
eral  tear  of  any  unfamiliar  and  some¬ 
what  mysterious  medical  technology. 
For  the  operator,  using  an  AED  may 
represent  a  distasteful  and  invasive 
medical  act,  For  older  adults,  training 
in  the  use  ot  an  AED  requires  acquisi¬ 
tion  ot  new  and  intimidating  psycho¬ 
motor  skills.  During  our  recruitment 
interviews,  we  have  encountered  an 
understandable  reluctance  on  the  part 
of  some  family  members  to  accept  re¬ 
sponsibility  tor  appropriate  action  at 
some  future  cardiac  arrest.  In  addi¬ 
tion,  occasionally  patients  and  family 
members  will  refuse  to  accept  the 
concept  ot  resuscitation,  citing  re¬ 
ligious  or  moral  reasons. 

Public  Health  Issues 

The  availability  of  AEDs  raises 
many  public  health  issues.  Currently 
the  devices  are  prescription  items,  to 
be  purchased  and  used  only  under  the 
direction  ot  licensed  physicians.  Will 
this  arrangement  continue  in  the  fu¬ 
ture?  Who  will  pay  tor  AEDs  pre¬ 
scribed  tor  home  use’  Will  AEDs  he 
covered  by  third-party  reimbursement 
plans-'  What  will  be  the  exact  indica¬ 
tions  and  contraindications  used  by 
physicians' 

In  addition  to  patients  and  family 
members,  AEDs  can  be  used  by  many 
groups  ot  lay  responders.  Which  lay  re¬ 
sponders'  How  will  there  be  medical 
control  of  the  dissemination  of  AEDs 
m  the  community  at  large-'  These  and 
other  issues  must  be  addressed  m  the 
future. 

CONCLUSION 

Automatic  external  detibi illation  is 
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a  technology  that  may  have  a  major 
impact  on  survival  from  out-of-hospi- 
tal  cardiac  arrest.  Criteria  for  selection 
of  patients  and  the  best  methods  of 
training  both  operators  and  lay  re¬ 
sponders  are  now  being  identified,  as 
well  as  the  psychological  effects  of 
learning  about,  living  with,  and  using 
AEDs.  As  this  technology  is  developed 
and  applied  clinically,  we  are  gaining  a 
greater  understanding  of  not  only  its 
potential,  but  also  the  many  clinical, 
psychological,  and  public  health  is¬ 
sues  that  it  raises. 
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With  DURICEF  (cefadroxil), 
concentrations*  in  tonsillar 
tissue,  urine,  and  skin  blister 
fluid  that  exceed  the  MICs 
for  susceptible  organisms 
are  significantly  greater 
and/or  longer  lasting  than 


those  of  cephalexin.' 1 

This  activity  makes  the 
difference  between  a  q.i.d. 
regimen  that’s  hard  to 
remember  and  a  simple 
once-  or  twice-a-day  dosage 
that’s  hard  to  forget/ 
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staying 
power 


Oral  cephalosporin  efficacy 
with  a  once-  or  twice-a-day  dosage 
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For  Brief  Summary,  please  see  following  page 


DURICEF®  (CEFADROXIL) 

INDICATIONS:  DURICEF  (celadroxil)  is  indicated  for  the  treat¬ 
ment  of  the  following  infections  when  caused  by  susceptible 
strains  ot  the  designated  microorganisms  Urinary  tract  infec¬ 
tions  caused  by  £  coli.  P mirabitis.  and  Klebsiella  species  Skin 
and  skin  structure  infections  caused  by  staphylococci  and/or 
streptococci  Pharyngitis  and  tonsillitis  caused  by  Group  A 
beta-hemolytic  streptococci  (Penicillin  is  the  usual  drug  of 
choice  in  the  treatment  and  prevention  of  streptococcal  infec¬ 
tions.  including  the  prophylams  of  rheumatic  fever  OURICEF  is 
generally  effective  in  the  eradication  of  streptococci  from  the 
nasopharynx  however,  substantial  data  establishing  the  effi¬ 
cacy  ot  DURICEF  in  the  subsequent  prevention  of  rheumatic  fe¬ 
ver  are  not  available  at  present ) 

Nofe-Cultuie  and  susceptibility  tests  should  be  initiated  prior 
to  and  during  therapy  Renal  function  studies  should  be  per¬ 
formed  when  indicated 

CONTRAINDICATIONS:  DURICEF  is  contraindicated  in  patients 
with  known  allergy  to  the  cephalosporin  group  of  antibiotics 

WARNING:  IN  PENICILLIN-ALLERGIC  PATIENTS.  CEPHALO¬ 
SPORIN  ANTIBIOTICS  SHOULD  OE  USED  WITH  GREAT  CAUTION 
THERE  IS  CLINICAL  AND  LABORATORY  EVIDENCE  OF  PARTIAL 
CROSS-ALLERGENICITY  OF  PENICILLINS  ANO  CEPHALOSPOR¬ 
INS.  AND  THERE  ARE  INSTANCES  OF  PATIENTS  WHO  HAVE  HAD 
REACTIONS  TO  DOTH  DRUGS  (INCLUDING  FATAL  ANAPHYLAXIS 
AFTER  PARENTERAL  USE) 

Any  patient  who  has  demonstrated  a  history  of  some  form  of  al¬ 
lergy.  particularly  to  drugs,  should  receive  antibiotics  cau¬ 
tiously  and  then  only  when  absolutely  necessary  No  exception 
should  be  made  with  regard  to  OURICEF  (celadroxil).  Pseudo¬ 
membranous  colitis  has  been  reported  with  the  use  ot  ceph¬ 
alosporins  (and  other  broad  spectrum  antibiotics): 
therefore,  it  is  important  to  consider  its  diagnosis  in  patients 
who  develop  diarrhea  in  association  with  antibiotic  use. 
Treatment  with  broad  spectrum  antibiotics  alters  normal  flora 
of  the  colon  and  may  permit  overgrowth  of  Clostridia  Studies  in¬ 
dicate  a  toxin  produced  by  Clostridium  difficile  is  one  primary 
cause  of  antibiotic-associated  colitis.  Cholestyramine  and  co¬ 
lestipol  resins  have  been  shown  to  bind  the  toxin  in  vitro  Mild 
cases  of  colitis  may  respond  to  drug  discontinuance  alone 
Moderate  to  severe  cases  should  be  managed  with  fluid,  elec¬ 
trolyte  and  protein  supplementation  as  indicated  When  the  co¬ 
litis  is  not  relieved  by  drug  discontinuance  or  when  it  is  severe, 
oral  vancomycin  is  the  treatment  of  choice  tor  antibiotic- 
associated  pseudomembranous  colitis  produced  by  C  ditticile 
Other  causes  of  colitis  should  also  be  considered 
PRECAUTIONS:  Patients  should  be  followed  carefully  so  that  any 
side-effects  or  unusual  manifestations  of  drug  idiosyncrasy 
may  be  detected  If  a  hypersensitivity  reaction  occurs,  the  drug 
should  he  discontinued  and  the  patient  tiealed  vnlh  the  usual 
agents  (e  g  .  epinephrine  or  other  pressor  amines,  antihista¬ 
mines.  or  corticosteroids). 

OURICEF  (celadroxil)  should  be  used  with  caution  in  the  pres¬ 
ence  of  markedly  impaired  renal  function  (creatinine  clearance 
rate  of  less  than  50  ml/mm/173  M!)  (See  Dosage  and  Adminis¬ 
tration  section  of  Prescribing  Information)  In  patients  with 
known  or  suspected  renal  impairment,  careful  clinical  observa¬ 
tion  and  appropriate  laboratory  studies  should  be  made  prior  to 
and  during  therapy. 

Prolonged  use  ot  DURICEF  may  result  m  the  overgrowth  of  non  - 
susceptible  organisms  Careful  observation  of  the  patient  is  es 
sentral  If  supermtection  occurs  during  therapy,  appropriate 
measures  should  be  taken. 

Positive  direct  Coombs  tests  have  been  reported  during  treat 
ment  with  the  cephalosporin  antibiotics  In  hematologic  stud 
les  or  in  transfusion  cross-matching  procedures  when 
antiglobulm  tests  are  performed  on  the  minor  side  or  in  Coombs 
testing  of  newborns  whose  mothers  have  received  cephalo¬ 
sporin  antibiotics  before  parturition,  it  should  be  recognized 
that  a  positive  Coombs  test  may  be  due  to  the  drug  DURICEF 
should  be  prescribed  with  caution  in  individuals  with  a  history 
ot  gastrointestinal  disease,  particularly  colitis 
Usage  in  Pregnancy:  Pregnancy  Category  8  Reproduction 
studies  have  been  performed  in  mice  and  rats  at  doses  up  to  1 1 
times  the  human  dose  and  have  revealed  no  evidence  of  im 
paired  fertility  or  harm  to  the  tetus  due  to  celadroxil  There  are, 
however  no  adequate  and  well  controlled  studies  in  pregnant 
women  Because  animal  reproduction  studies  are  not  always 
predictive  ot  human  response,  this  drug  should  be  used  during 
pregnancy  only  if  clearly  needed 
Nursing  Mothers:  Caution  should  be  exercised  when  celadroxil 
is  administered  to  a  nursing  mother 
ADVERSE  REACTIONS:  Gastrointestinal  Symptoms  of  pseudo 
membranous  colitis  can  appear  during  antibiotic  treatment 
Nausea  and  vomiting  have  been  reported  rarely 
Hypersensitivity  Allergies  (in  the  form  of  rash  urticaria,  and 
angioedema)  have  been  observed  Thesp  reactions  usually  sub 
sided  upon  discontinuation  of  the  drug 
Other  reactions  have  included  genital  pruritus,  genital  momlia 
sis.  vaginitis  and  moderate  transient  neutropenia 
Before  prescribing  or  administering  see  package  insert  02a 
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resuscitation,  tissue  perfusion 


Artificial  Perfusion  Techniques  During 
Cardiac  Arrest:  Questions  of  Experimental 
Focus  Versus  Clinical  Need 


Contemporary  cerebral-cardiopulmonary  resuscitation  investigations  in  the 
experimental  laboratory  have  defined  mechanisms  for  blood  flow  during 
closed-chest  CI’R  and  have  demonstrated  that  the  current  CI’R  technique 
produces  limited  systemic  perfusion.  Modified  closed-chest  CI’R  techniques 
usually  improve  perfusion.  Unfortunately  few  laboratory  CI’R  studies  luive 
actually  investigated  resuscitation  and  survival  In  addition,  the  animal 
model  employed  /prolonged  ventricular  fibrillation)  nnrv  have  limited 
clinical  relevance,  based  on  clinical  experience  and  resuscitation  practice, 
and  data  reporting  techniques  and  their  interpretation  may  be  affected  bv 
control  values  that  are  not  normal  because  of  the  effects  of  anesthetics. 
Closed-chest  CI’R  was  intended  to  buv  tune  until  a  cuuntershock  could  be 
delivered.  Clinical  and  laboratory  experience  indicate  that  this  goal  can  he 
met.  Cerebral  perfusion  during  closed-chest  CI’R  is  low.  but  adequacy  from 
a  functional  perspective  following  restoration  of  circulation  has  not  been 
carefully  studied.  Preservation  of  neuronal  integrity  after  restoration  of  span 
taneous  circulation  may  be  more  important  than  cerebral  perfusion  during 
cardiac  arrest  and  CI’R.  The  role  and  benefit  of  open -chest  CI’R  have  yet  to 
be  determined,  because  this  technique  will  most  likely  be  used  after  eon 
ventional  CI’R  failure.  New  and  different  experimental  models  are  required 
to  meet  clinical  needs  and  challenges.  The  alliance  between  practitioner 
and  investigator  should  be  strengthened  if  common  goals  are  to  be  attained. 
I Niemann  IT:  Artificial  perfusion  techniques  during  cardiac  arrest:  Ques¬ 
tions  of  experimental  focus  vs  clinical  need.  Ann  F.merg  Med  August 
m'>./4;76/-76K./ 

Introduction 

Recent  physiological  observations  in  the  experimental  laboratory  suggest 
that  systemic  perfusion  during  closed-chest  cardiopulmonary  resuscitation 
jCI’R)  results  from  phasic  fluctuations  in  intrathoracic  pressure,  rather  than 
from  selective  compression  of  the  cardiac  ventricles  between  the  sternum 
and  spine.1  *  Changes  in  intrathoracic  pressure  are  transmitted  equally  to  the 
cardiac  chambers,  the  great  intrathoracic  vessels,  and  the  peripheral  arterial 
tree  Large  peripheral  arteriovenous  pressure  gradients  necessary  tor  systemic 
perfusion  are  found  only  in  vascular  beds  protected  by  competent  venous 
valves  Such  valves  allow  a  lower  pressure  to  be  maintained  m  the  venous 
system  of  the  tissue  vasculature  -  4 

These  and  other  observations’  ’  made  m  the  experimental  laboratory  and 
confirmed  in  electrical/computer  models  of  arrested  circulation''  have  given 
rise  to  the  term  "new  C.'I’R."  In  a  strict  sense,  this  term  may  indeed  be  ap¬ 
plied  to  a  new  understanding  and  appreciation  of  the  physiology  of  artificial 
circulatory  support  during  cardiac  arrest.  A  number  of  CI’R  techniques  have 
been  described  that  make  use  of  this  new  knowledge  and,  in  the  laboratory, 
offer  hemodynamic  advantages  over  CI’R  as  it  is  cuirently  practiced  in  the 
clinical  setting.’  •  "’  Unfortunately  it  is  these  new  techniques,  rather  than 
the  appreciation  of  a  new  and  tenuous  knowledge,  that  have  attracted  the 
attention  of  the  lay  public  and  the  medical  community  I’raetiemg  clinicians 
who  deal  with  cardiac  arrest  daily  recognize  that  the  outcome  of  current 
CI’R  technique  is  poor  in  certain  patient  populations.  CI’R  researchers  and 
the  clinical  community  believe  that  resuscitation  outcome  from  cardiac  ar¬ 
rest  (particularly  prehospital  sudden  ^ardiac  death)  could  he  better,  based  on 


Janies  I  Niemann  MU 
Torrance  California 

From  the  UCLA  Sr  lioo’  of  Medicine  the 
Department  of  Lmerqer  cy  Modicum 
Harbor  UCLA  Medical  Center  Torrance 
California 

Presented  at  the  1980  UAL.  M  Ihll  M 
Research  Symposium  iri  Orlando  f  lour  fa 
February  7  8  1980 

Address  tor  reprints  James  I  Niemann 
MU  Department  of  Lmerqency  Medicine. 
Harbor  UCLA  Medical  Center  100 0  West 
Carson  Street  Torrance  California  90009 


s'.V 


■v: 


;*v 

•  • 
•*  ,  * 
vN 
VN 


.■V 

V 


M  BAuqiiU  1980 


Annals  of  Emergency  Medicine 


761 


c 


PERFUSION  DURING  CPR 
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TABLE  1.  Outcome  of  prehospital  arrest  due  to  VF/VT 


No  Patients 

Witnessed 

Thompson27 
(Seattle,  1979) 

316 

76% 

Tweed28 

(Winnipeg,  1980) 

226 

NR- 

Guzy29 

(Los  Angeles,  1983) 

115 

41% 

Roth30 

98 

NR 

(Pittsburgh,  1984) 
'Not  reported 


CPR 

Admitted 

In-Hospital 

Mortality 

Discharged 

Early 

34% 

67% 

36% 

43% 

Late 

66% 

61% 

66% 

21% 

Early 

29% 

45% 

45% 

25% 

Late 

71% 

25% 

80% 

5% 

Early 

39% 

27% 

Late 

61% 

6% 

Early 

30% 

48% 

50% 

23% 

Late 

70% 

24% 

71% 

12% 

their  recently  acquired  knowledge  of 
hemodynamic  findings  and  regional 
perfusion  during  modified  CPR. 

It  seems  appropriate  at  this  time 
that  clinician/CPR  researchers  return 
to  their  roots  in  clinical  practice  to  ex¬ 
amine  the  focus  and  relevance  of  re¬ 
search  efforts  from  a  clinical  perspec¬ 
tive.  This  discussion  will  address 
some  questions  of  importance  regard¬ 
ing  the  clinical  applicability  of  resus¬ 
citation  research  findings  and  focus. 

What  Is  the  Purpose  of  CPR? 

Recent  experimental  observations 
not  only  have  defined  a  new  mecha¬ 
nism  for  blood  flow  during  conven¬ 
tional  CPR,  but  also  have  called  atten¬ 
tion  to  the  fact  that  conventional 
closed-chest  CPR  produces  limited 
systemic  perfusion.  Modified  closed- 
chest  CrR  techniques,  based  on  new 
physiologic  knowledge,  also  may  be 
incapable  of  sustaining  vital  organ  per¬ 
fusion  and  life  during  cardiac  arrest, 
though  still  producing  better  perfu¬ 
sion.11 

The  introduction  of  closed-chest 
CPR  to  clinical  medicine  was  accept¬ 
ed  rapidly  despite  limited  (by  contem¬ 
porary  standards)  experimental  study. 
Kouwenhoven  and  Knickerbocker,  ap¬ 
propriately  credited  for  discovering 
and  recognizing  the  potential  utility  of 
closed-chest  CPR,12  were  engineers 
engaged  in  the  study  ot  a  technique 
for  closed-chest  electrical  detibrilla- 
tion.  They  noted  that,  "Our  experi¬ 
ence  has  indicated  that  external  de¬ 
fibrillation  is  not  likely  to  be  followed 
by  the  return  of  spontaneous  heart  ac¬ 
tion,  unless  the  countershock  is  ap¬ 
plied  within  less  than  three  minutes 
after  the  onset  of  ventricular  fibrilla¬ 
tion."  Closed-chest  countershock  was 


not  likely  to  be  effective  unless  ap¬ 
plied  early.  This  limitation  obviously 
would  affect  the  importance  and 
clinical  applicability  of  their  research 
findings.  Contemporary  research  in 
the  laboratory  suggests  that  coun¬ 
tershock  of  ventricular  fibrillation  (VF) 
of  greater  than  two  to  three  minutes 
duration  without  artificial  circulatory 
support  is  unlikely  to  result  in  restor¬ 
ation  of  spontaneous  circulation.1’ |s 

Subsequent  studies  by  Kouwen¬ 
hoven  et  al  were  undertaken  to  assess 
the  effects  of  rhythmic  chest  compres¬ 
sion  on  defibrillation  outcome.  Earlier 
experiments  had  demonstrated  that 
rhythmic  chest  compressions  during 
VF  produced  arterial  pressure  pulses 
and  arterial  blood  flow.  Using  the 
chest  compression  technique,  Kou¬ 
wenhoven  and  coworkers  noted  that, 
"A  safe  and  effective  method  of  mas¬ 
saging  the  heart  without  thoraetomy 
was  developed.  Adequate  circulation 
for  periods  as  long  as  90  minutes  was 
easily  maintained  with  the  dog  in  ven¬ 
tricular  fibrillation.  A  closed-chest  dc- 
fibrillating  shock  would  result  in  the 
immediate  return  of  normal  sinus 
rhythm  in  such  animals."12 

The  purpose  of  closed-chest  CPR,  as 
envisioned  by  its  progenitors,  was  to 
provide  adequate  artificial  circulation 
to  the  myocardium  during  VF  until  a 
closed-chest  countershock  could  be 
administered.  Adequate  myocardial 
flow  was  defined  only  in  terms  of  re¬ 
sponse  to  countershock;  cerebral  per¬ 
fusion  and  preservation  were  implied, 
but  never  studied.  Neither  actual  cor¬ 
onary  blood  flow  nor  regional  myocar¬ 
dial  perfusion  was  measured.  Contem¬ 
porary  investigations  of  prolonged 
periods  of  VF  and  closed-chest  CPR 
|up  to  one  hourl  have  shown  that  re 


gional  myocardial  flow  or  coronary 
perfusion  pressures  are  low  during 
prolonged  CPR. ‘s7-9- 1619  |n  addition, 
myocardial  and  cerebral  blood  flow 
may  fall  to  nearly  zero  after  two  to 
five  minutes  of  VF  and  CPR.19-20 

Prolonged  CPR  is  not,  however,  the 
treatment  of  choice  for  VF.  The  treat¬ 
ment  of  choice  for  VF  is  electrical 
countershock  administered  as  soon  as 
possible.  From  a  clinical  viewpoint, 
prolonged  studies  of  CPR  in  the  set¬ 
ting  of  VF  are  of  limited  clinical  rele¬ 
vance.  Evaluation  of  flow  measure¬ 
ments  has  gained  more  attention  than 
evaluation  of  adequacy  (ie,  restoration 
of  circulation  and  long-term  survival!, 
even  though  a  model  to  study  ade¬ 
quacy  is  easily  produced.  Although 
electrical  countershock  is  the  treat¬ 
ment  of  choice  for  VF,  only  a  few  con¬ 
temporary  research  studies  actually 
have  assessed  countershock  outcome 
and  even  these  studied  prolonged 
VF.'’1'’  lv ’I  24  Only  three  studies  have 
addressed  long-term  (more  than  24- 
hour)  survival.21  24 

In  sum,  the  investigative  model 
most  frequently  used  does  not  reflect 
the  clinical  practice  of  resuscitation. 
The  clinician  would  not  deny  imme¬ 
diate  countershock  to  the  victim  of 
VF.  CPR  researchers  do. 

Does  Early  CPR,  as  Currently 
Practiced,  Affect  Survival 
from  Prehospital  Sudden 
Cardiac  Death? 

Determinants  of  resuscitation  out¬ 
come  from  prehospital-’1  and  mhos 
pital2  ■  cardiac  arrest  onlv  recently 
have  been  defined,  and  were  not  con 
sidered  or  reported  in  many  early 
clinical  studies.  ’'’  Among  these  deter¬ 
minants  are  the  initially  encountered 
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TABLE  2.  Outcome  of  prehospital  arrest  due  to  rhythms  other  than  VF/VT 


No.  Patients 

Witnessed 

Myerburg31 
(Miami.  1980) 

108 

NR* 

Guzy29 

(Los  Angeles,  1983) 

243 

41% 

Roth30 

(Pittsburgh,  1984) 

'Not  reported 

78 

NR 

CPR 

Admitted 

In-Hospital 

Mortality 

Discharged 

NR 

8% 

100% 

0% 

Early  38% 

NR 

NR 

17% 

Late  62% 

NR 

NR 

4% 

Early  13% 

20% 

100% 

0% 

Late  87% 

21% 

86% 

3% 

cardiac  rhythm  disturbance,  the  avail¬ 
ability  of  early  CPR  and  counter¬ 
shock,  the  response  time  of  advanced 
rescuers,  and  whether  the  patient's 
collapse  was  witnessed. 

VF  is  reported  to  be  the  most  com¬ 
mon  cause  of  prehospital  sudden  car¬ 
diac  death,  and  most  clinical  studies 
addressing  resuscitation  outcome  in¬ 
clude  only  those  patients  in  VF.  Four 
representative  clinical  studies  address¬ 
ing  outcome  of  prehospital  cardiac  ar¬ 
rest  are  summarized  (Table  1).  These 
studies  were  chosen  for  analysis  for 
the  following  reasons:  1)  only  those 
patients  in  VF  or  ventricular  tachycar¬ 
dia  (VT|  were  studied;  2)  response 
times  for  advanced  rescuers  were  re¬ 
ported  and  were  comparable;  3)  the 
study  population  could  be  separated 
into  thost  who  received  early  CPR 
(usually  by  a  bystander)  and  those 
who  received  late  CPR  (usually  by  a 
paramedic);  and  4)  hospital  admission 
rates  and  survival  rates  were  provided 
to  allow  calculation  of  inhospital 
mortality.  For  comparison,  similar 
data  available  for  patients  found  in 
rhythms  other  than  VF  or  VT  are 
shown  (Table  2). 

The  following  conclusions  are  sup¬ 
ported  by  these  clinical  studies:  1)  dis¬ 
charge  rates  of  patients  who  receive 
early  CPR  (.30  ±  9%)  are  substantially 
better  than  discharge  rates  of  patients 
who  do  not  receive  early  CPR  (11  ± 
7%);  2)  survival  from  prehospital  VF  is 
more  likely  than  survival  from  bra- 
dyasystole  or  other  rhythms,-  3)  ap¬ 
proximately  50%  of  patients  found  in 
VF  will  respond  to  current  resuscita- 
tive  practices  and  will  survive  to  be 
admitted  to  the  hospital,  and  4)  inhos- 
pital  mortality  of  initially  resuscitated 
patients  is  high  and  contributes  sub¬ 
stantially  to  overall  prehospital  arrest 
mortality. 

Available  data  indicate  that  early 


CPR  and  countershock  of  VF  in  the 
setting  of  prehospital  arrest  improves 
survival  chances  and  is  not  detrimen¬ 
tal  to  a  favorable  outcome  (survival  to 
discharge).  Although  not  addressed  in 
most  studies,  preliminary  data  suggest 
that  a  substantial  number  of  VF  pa¬ 
tients  treated  with  prehospital  coun¬ 
tershock  succumb  to  asystole  post¬ 
countershock  |35%).  ,2-u  When  out¬ 
come  has  been  studied,  indications  are 
that  early  CPR  in  the  setting  of  pre¬ 
hospital  bradyasystole  may  not  affect 
survival. 33  Early  CPR  facilitates  resus¬ 
citation  from  VF,  but  not  from  other 
rhythms. 

One  clinical  investigator  has  sug¬ 
gested  that  the  major  effect  of  early 
CPR  is  prevention  or  attenuation  of 
anoxic  brain  damage  and  its  attendant 
complications,  which  increase  inhos¬ 
pital  mortality  after  initial  cardiac  re¬ 
suscitation.27  Early  CPR  may,  in  fact, 
have  less  effect  on  the  chance  of  ini¬ 
tial  effective  cardiac  resuscitation 
than  hoped.  If  resuscitation  efforts  do 
result  in  a  spontaneous,  perfusing  car¬ 
diac  rhythm,  however,  individuals 
who  receive  early  CPR  are  more  likely 
to  leave  the  hospital  alive  (Table  1). 
Suggestions  provided  from  the  clinical 
population  (ie,  that  early  CPR  facili¬ 
tates  cerebral  preservation)  are  not 
necessarily  in  conflict  with  observa¬ 
tions  made  in  the  experimental  labo¬ 
ratory  in  studies  of  extended  periods 
of  circulatory  arrest. 

Do  Experimental  Models  of 
Cardiac  Arrest  Reflect 
Clinical  Experience? 

Most  clinical  studies  addressing  re¬ 
suscitation  have  evaluated  emergency 
treatment  of  out-of-hospital  cardiac  ar¬ 
rest  due  to  VE  The  choice  ot  the  pa¬ 
tient  population  has  been  dictated 
largely  by  the  focus  ot  tile  study, 
which  is  usually  the  utility  of  early 


countershock  provided  by  paramedics 
or  defibrillator-trained  emergency 
medical  technicians.  VF  is  a  favorable 
rhythm  to  study.  As  is  the  case  with 
the  forward  pass  in  football,  at  least 
one  of  the  three  possible  outcomes  of 
VF  countershock  is  "good",  ie,  restora¬ 
tion  of  spontaneous  circulation.  The 
other  two  outcomes,  persistent  VF 
and  asystole  or  a  pulseless  rhythm, 
are  accompanied  by  lower  survival 
rates.3233  These  other  two  outcomes, 
which  may  lower  survival  statistics 
substantially,  have  not  been  studied  in 
the  experimental  laboratory  as  specifi¬ 
cally  appropriate  tests  of  modified 
CPR  techniques,  and  have  been  ad¬ 
dressed  infrequently  by  clinical  inves¬ 
tigators. 

Asystole  or  a  pulseless  bradyar- 
rhythmia  is  the  rbythm  encountered 
first  in  30%  to  50%  of  victims  of  pre¬ 
hospital  sudden  cardiac  death.31131  It 
is  nearly  always  fatal,  and  its  treat¬ 
ment  has  not  been  addressed  ade¬ 
quately  by  clinical  or  basic  science 
investigators.  The  "utility"  of  phar¬ 
macologic  agents  used  in  the  treat¬ 
ment  of  such  rhythms  largely  rests 
on  their  effectiveness  in  VF  or  in 
pulseless  bradyarrhythmias  following 
asphyxia.3* 3S  These  pharmacologic 
interventions  have  not  been  well  sub¬ 
stantiated  as  beneficial  in  postcoun¬ 
tershock  or  in  initial  asystole/pulse- 
less  bradyarrhythmia.  The  prevalence 
and  mechanisms  of  cardiac  arrest  due 
to  asystole  or  pulseless  bradyarrhyth 
mia  have  not  been  well  established.  u’ 
Resuscitation  failure  in  these  clinical 
situations  accounts  for  most  deaths 
due  to  prehospital  cardiac  arrest  and 
deserves  basic  science  and  clinical 
study. 

Is  Vital  Organ  Perfusion  During 
CPR  Really  That  Bad? 

Perception  ot  the  adequacy  ot  ar 
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TABLE  3.  Regional  blood  flow  during  prolonged  VF  and  conventional  CPR  in 
dogs  anesthetized  with  pentobarbital 


MAP 

CO 

MBF 

CBF 

CPR  Duration 

C 

126 

NR 

200 

190 

Luce'6 

CPR 

NR 

7 

14 

7  min 

%C 

— 

4% 

7 

C 

NR 

254  mL/min/kg 

144 

211 

Voorhees9 

CPR 

23  mL/min/kg 

22 

25 

30  min 

%C 

9% 

15% 

12% 

C 

>  130 

2,906  mL/min 

119 

211 

Ditchey'7 

CPR 

327  mL/mtn 

24 

84 

10  min 

%C 

11% 

20% 

40% 

C 

108 

NR 

NR 

NR 

Ralston'8 

CPR 

27  mL/min/kg 

24 

23 

10-20  min 

%C 

— 

— 

— 

C 

>  130 

NR 

120  (LV) 

36 

Michael'9 

CPR 

NR 

5  (LV) 

1 

<  5  min 

%C 

— 

4% 

3% 

C 

NR 

175  mL/min/kg 

100 

60 

Voorhees37 

CPR 

47  mLVmin/kg 

35 

55 

5  min 

%C 

27% 

35%  (LV) 

90% 

All  values  reported  as  the  mean 

‘Conventional  CPR  not  performed  In  accordance  with  AHA  guidelines 
C  =  control. 

%C  ^  percentage  control 
CPR  =  conventional  CPR 
CBF  =  cerebral  blood  flow  (mUmin/100  g). 

CO  =  cardiac  output 

MAP  =  mean  arterial  pressure  (mm  Hg). 

MBF  =  myocardial  blood  flow  (mL/mm/100  g). 

NR  =  not  reported. 


tificial  perfusion  techniques  during 
cardiac  arrest  is  based  largely  on  the 
study  design  and  the  data  reporting 
methods  of  CPR  investigators.  Most 
CPR  studies  undertaken  in  the  labora¬ 
tory  have  not  really  studied  definitive 
resus:itation  or  survival  and  func¬ 
tional  status  after  resuscitation  from 
cardiac  arrest. 

In  the  typical  CPR  experiment, 
"control"  or  prearrest  flows  and  intra¬ 
vascular  pressures  are  measured,  VF  is 
induced  electrically,  and  conventional 
CPR  is  performed  for  a  variable  period 
of  time,  during  which  flows  and  pres¬ 
sures  are  measured.  Conventional 
CPR  often  is  compared  to  one  or  more- 
other  artificial  perfusion  techniques. 
Actual  CPR  flows  and  pressures  are- 
measured  and  reported.  Defibrillation 
is  attempted  infrequently. 

CPR  flow  and  pressure  data  usually 
are  reported  as  a  "percentage  of  con¬ 
trol"  (relative  measurements)  to  pro¬ 
vide  a  foundation  for  comparison.  The 
readt-r  assumes  that  control  means 
normal,  however,  this  is  not  often  the 

80764 


case.  Our  perception  of  the  adequacy 
of  conventional  CPR  as  an  artificial 
perfusion  technique  in  the  setting  of 
cardiac  arrest  has  been  shaped  by  its 
comparison  to  the  "normal"  circula¬ 
tion.  Cardiac  output  during  conven¬ 
tional  CPR  is  usually  less  than  30%  of 
"normal,"  myocardial  flow  less  than 
20%  of  "normal,"  and  cerebral  flow 
less  than  20%  of  "normal."  Although 
such  flows  are  abnormally  low,  they 
might  be  adequate,  as  initially  postu¬ 
lated  by  Kouwenhoven  and  coworkers. 

Anesthetized  dogs,  the  most  com¬ 
mon  study  model  in  CPR  research,  are 
not  "normal."  At  our  institution,  car¬ 
diac  function  of  conscious  dogs  has 
been  studied  for  ten  years.  Chronically 
instrumented  dogs  undergoing  ven¬ 
triculography  and  hemodynamic- 
study  (arterial  pressure  and  indocy¬ 
anine  green  cardiac  output  determina¬ 
tions)  typically  have  a  heart  rate  of  80 
to  110  heats  per  minute,  a  mean  ar¬ 
terial  pressure  of  100  mm  Hg,  and  a 
cardiac  output  of  2.5  to  3.5  L/min 
(about  100  mL/nnn/kg).  CPR  animal 
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research  necessitates  anesthesia,  and 
pentobarbital  is  most  frequently 
chosen.  In  the  dose  used,  anesthesia, 
as  well  as  a  wide  variety  of  "normal" 
or  "control"  measurements,  are  pro¬ 
duced  (Table  3). 

Cardiac  output  in  CPR  experiments 
is  reported  using  different  units,  and 
thus  it  is  difficult  to  compare  studies. 
In  the  first  study  by  Voorhees,'7  car¬ 
diac  output  was  measured  in  five 
controls  and  compared  to  14  animals 
undergoing  CPR.  In  three  studies,  con¬ 
trol  output  was  not  reported.  In  a  sub¬ 
sequent  study  by  Voorhees, y  control 
cardiac  output  was  almost  50%  more 
than  in  a  previous  study. 37 

In  our  experience,  pentobarbital 
characteristically  produces  a  sinus 
tachycardia  and  an  elevated  mean  ar¬ 
terial  pressure.  Mean  arterial  pressures 
in  the  control  state  of  CPR  experi¬ 
ments  are  high,  compared  to  observa¬ 
tions  made  in  conscious  dogs.  Control 
heart  rates  have  not  been  reported,  but 
rates  greater  than  140  beats  per  min¬ 
ute  are  usual  in  our  experience.  Heart 
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TABLE  4.  Regional  blood  flow  during  VF  and  conventional  CI’R  in 
animals  not  anesthetized  with  pentobarbital 


HR 

MAP 

CO 

MBF 

CBF 

CPR  Duration 

C 

NR 

79 

2,306  mL/min 

98 

NR 

Bellamy’16 

CPR 

— 

33 

692  mL/min 

20 

NR 

20  min 

%C 

— 

42% 

35% 

21% 

— 

C 

138 

110 

3.04  L/min 

179 

42 

Shariff'20 

CPR 

— 

— 

NR 

15 

40 

2  min 

%C 

— 

— 

— 

12% 

95% 

C 

72 

96 

2,354  mL/min 

40 

NR 

Niemannt 

CPR 

— 

47 

NR 

18 

NR 

2  min 

%C 

— 

49% 

— 

42% 

NR 

All  values  reported  as  the  mean 
'Swine  model. 

tCanine  model  (unpublished  observations). 

C  =  control. 

CBF  =  cerebral  blood  flow  (mL/min/100  g). 
CPR  =  conventional  CPR 
%C  =  percentage  control 
CO  =  cardiac  output. 

HR  -  heart  rate  (beats/mm), 

MAP  -  mean  arterial  pressure  (mm  Hg). 

MBF  =  myocardial  blood  flow  (mUmm/100  g) 
NR  =  not  reported  or  not  measured 


rate  and  arterial  pressure  are  major  de¬ 
terminants  of  myocardial  oxygen  de¬ 
mand  and,  therefore,  coronaty  arterial 
flow  and  myocardial  perfusion.  Not 
unexpectedly,  control  myocardial 
flows  in  the  CPR  research  laboratory 
(using  pentobarbital  anesthesia  in 
dogs)  range  from  100  mL/min/100  g  to 
200  mL/min/100  g.  A  true  normal  or 
control  state  for  comparison  of  CPR 
myocardial  perfusion  has  not  been  es¬ 
tablished,  resulting  in  a  wide  range  of 
control  values. 

Similar  differences  in  control  values 
are  seen  when  cerebral  blood  flow  has 
been  measured  (microsphere  tech 
nique).  This  has  led  to  widely  scat¬ 
tered  values  of  flow  during  eoven- 
tional  CPR,  when  compared  to  the 
control  (and  presumably  normal)  state 
prior  to  induced  cardiac  arrest.  For 
comparison,  data  from  several  recent 
studies  using  anesthetics  other  than 
pentobarbital  are  shown  (Table  4). 
CPR  hemodynamics  were  studied 
in  swine  in  two  of  the  investiga¬ 
tions. 

When  compared  to  the  control  set¬ 
ting  (percentage  of  control),  conven¬ 
tional  CPR  produces  low  and  widely 
variable  myocardial  and  cerebral  per¬ 
fusion  Although  such  flows  are  low 
compared  to  control  values  hut  not 
necessarily  to  normal  values,  only 
three  contemporary  studies  have  ad¬ 
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dressed  their  "adequacy"  as  defined  by 
Kouwenhoven  and  coworkers,  ie,  res¬ 
toration  of  spontaneous  circulation 
after  countershock. 

We  have  suggested  previously  that 
myocardial  flow  during  VF  and  CPR 
should  approximate  20  mL/min/100  g 
to  meet  the  metabolic  demands  of  the 
fibnllating  heart  and  facilitate  resusci¬ 
tation.11  The  studies  of  Ralston  et  alIK 
(20  minutes  of  VF  and  CPR)  and 
Michael  et  alw  (50  minutes  of  VF  and 
CPR)  suggest  that  if  myocardial  flow 
can  be  maintained  at  values  =*  20  mL/ 
min/ 100  g  during  the  period  of  VF, 
countershock  will  result  in  a  perfusing 
rhythm  despite  prolonged  VF  and 
CPR.  In  an  unpublished  study  from 
our  laboratory,  coronary  flows  of  15 
mL/min/100  g  during  conventional 
CPR  resulted  in  restoration  of  spon¬ 
taneous  circulation  in  the  setting  of 
postcountershock  asystole  or  pulseless 
bradyarrhythmia. 

Although  myocardial  flow  was  low 
in  these  three  studies  (when  compared 
to  percentage  of  control  flow),  spon¬ 
taneous  circulation  was  restored.  It  a 
flow  value  of  about  20  mL/inin/KX)  g 
of  myocardial  tissue  is  accepted  as 
adequate  (ie,  will  result  in  restoration 
of  circulation  after  countershock), 
then  in  five  of  seven  studies  in  which 
myocardial  perfusion  was  measured 
during  varying  periods  of  VF  and  CPR, 
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countershock  did  or  could  have  re¬ 
sulted  in  definitive  cardiac  resuscita¬ 
tion.  (Tables  5  and  4). 

As  envisioned  by  its  progenitors  25 
years  ago,  early  CPR  after  VF  may  pro¬ 
vide  adequate  myocardial  flow,  ie,  ade¬ 
quate  to  facilitate  restoration  of  cir¬ 
culation  after  early  eountershock,  for 
periods  up  to  50  minutes  long.  From 
this  perspective,  conventional  CPR 
myocardial  flow  may  indeed  be  life- 
sustaining. 

Cerebral  Perfusion  During  CPR: 
How  Much  is  Needed  to  Assure 
an  Acceptable  Functional  Status 
After  Cardiac  Resuscitation? 

The  question  of  how  much  cerebral 
perfusion  is  needed  during  CPR  has 
not  been  addressed  adequately  by  con¬ 
temporary  CPR  investigators.  Long¬ 
term  survival  after  cardiac  arrest  and 
conventional  C .'PR  has  been  studied 
infrequently,  and  the  cerebral  flow 
necessary  during  CPR  for  grossly  nor¬ 
mal  neurologic  function  in  animals 
after  restoration  of  spontaneous  cir¬ 
culation  has  not  been  reported.  Cere¬ 
bral  blood  flow  of  only  20%  to  50%  of 
normal  may  be  all  that  is  required  to 
maintain  the  brain's  viability  as  as¬ 
sessed  by  electrical  activity.  *s  Nor¬ 
mal  or  "control"  cerebral  flow  varies 
from  study  to  study,  however  (Table  4), 
and  obviously  will  affect  percentage  of 
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control  measurements  during  cardiac 
arrest  and  artificial  circulatory  sup¬ 
port.  Nonetheless,  percentage  of  con¬ 
trol  data  has  received  the  greatest  at¬ 
tention.  Relating  neurologic  outcome 
to  a  given  flow  (flow  per  gram  or  100 
grams  of  tissue!  would  provide  unifor¬ 
mity,  permit  comparison  of  studies, 
and  allow  the  clinician  and  investiga¬ 
tor  to  attach  functional  significance  to 
flow  values. 

Similarly,  cerebral  metabolites  may 
not  be  a  reliable  index  of  return  of 
neurologic  function.4"  Whether  brain 
mitochondrial  metabolic  function  fol¬ 
lowing  ischemia  is  directly  related  to 
return  of  neurologic  function  in  the 
intact  organism  has  not  been  thor¬ 
oughly  assessed  by  investigative  labo¬ 
ratories.  The  current  controversy  re¬ 
garding  complete  versus  incomplete 
cerebral  ischemia41  may  be  related 
partly  to  what  is  being  measured  (ie, 
cellular  metabolites,  mitochondrial 
metabolic  function,  or  functional  neu¬ 
rologic  outcome,  which  can  only  be 
assessed  by  gross  techniques  in  ani¬ 
mals  without  higher  cognitive  capabil¬ 
ities). 

The  ultrastructural  and  biochemical 
events  associated  with  irreversible  cell 
death  are  being  defined  and  scru¬ 
tinized  in  elegant  experiments,  and 
there  is  a  growing  body  of  knowledge 
that  suggests  that  many  processes  re¬ 
sulting  in  cell  death  may  occur  after 
reperfusion  of  previously  ischemic 
tissue.41  44  Prevention  of  postreperfu- 
sion  cellular  miury  and  death  perhaps 
can  be  accomplished  pharmacolog¬ 
ically.  If  so,  preservation  of  neuronal 
integrity  after  restoration  of  spon¬ 
taneous  circulation  may  be  more  im¬ 
portant  than  cerebral  perfusion  during 
cardiac  arrest  and  CPR  Preventing 
postreperfusion  iniury  to  the  heart  and 
brain,  if  it  is  indeed  possible  using 
pharmacologic  agents,  could  substan¬ 
tially  increase  hospital  discharge  rates 
of  victims  of  prehospital  or  inhospital 
cardiac  arrest,  without  changing  CPR 
techniques  to  treat  the  typical  victim 
of  cardiac  arrest  (sudden  death  due  to 
VFI. 

Open-Chest  Direct  Cardiac 
Massage  —  Will  It  Improve 
Outcome  Irom  Cardiac  Arrest? 

Experimental  studies  in  animal 
models  have  shown  consistently  that 
open-chest  CPR,  or  direct  cardiac 
massage,  is  hcmodynamically  superior 
to  closed  chest  CPR  in  the  setting  of 
prolonged  VF  In  the  experimental 


model  of  prolonged  VF,  open-chest 
CPR  is  capable  of  maintaining  flow  to 
vital  organs  at  a  level  nearly  equal  to 
prearrest  or  control  state.  Prolonged 
open-chest  CPR  during  VF,  followed 
by  countershock,  results  in  better 
long-term  outcome  than  does  conven¬ 
tional  CPRT*  Such  outcomes  are  ex¬ 
pected,  because  the  hemodynamic  ef¬ 
fects  of  manual,  selective  ventricular 
compression  closely  approximate 
those  of  a  spontaneous  ventricular 
systole  or  contraction.  The  hemo¬ 
dynamic  effects  of  closed-chest  tho¬ 
racic  compression  are  different,  and 
reflect  differences  in  the  mechanism 
of  antegrade  left  heart  outflow.4S-46 
Better  regional  flow  and  outcome  dur¬ 
ing  open-chest  CPR  in  the  setting  of 
prolonged  VF  is  a  fact  and  cannot  be 
rationally  debated. 

What  is  unresolved  is  the  role  that 
open-chest  CPR  will  play  in  resuscita¬ 
tion,  particularly  resuscitation  from 
prehospital  cardiac  arrest.  The  labora¬ 
tory  experience  is  artificial  in  that  VF 
has  been  studied  for  prolonged  periods 
without  defibrillation,  the  treatment 
of  choice.  Contemporary  laboratory 
experience  cannot  be  directly  trans¬ 
lated  to  the  clinical  setting,  and  the 
choice  of  the  prolonged  VF  study 
model  may  have  biased  outcome  and 
the  medical  community's  perception 
of  the  effectiveness  of  closed-chest 
CPR. 

Proponents  of  open-chest  CPR  fre¬ 
quently  cite  the  experience  of  Ste¬ 
phenson  and  colleagues.47  This  study 
addresses  some  common  denomina¬ 
tors  in  1,200  cases  of  cardiac  arrest 
treated  with  open-chest  CPR.  Only 
13.1  of  the  1,200  patients  (12%)  ar¬ 
rested  due  to  VF.  Eighty-four  (63%) 
were  successfully  defibrillated  using 
direct  epicardial  countershock.  Thirty- 
nine  (29%)  survived  to  be  discharged 
from  the  hospital.  There  was  an  in- 
hospital  mortality  rate  of  56%  follow¬ 
ing  initial  successful  resuscitation. 
These  numbers  are  comparable  to 
contemporary  prehospital  resuscita¬ 
tion  experience  (Table  1),  despite  the 
use  of  direct  cardiac  massage  within 
four  minutes  of  arrest.  We  do  not 
know  if  differences  in  postresuscita- 
tion  care  over  three  decades  could  fur¬ 
ther  affect  survival  outcome.  Of  note 
is  that  when  early  closed-chest  CPR 
and  defibrillation  from  VF  can  be  pro¬ 
vided  within  four  minutes  of  arrest, 
hospital  discharge  rates  may  exceed 
40%  U"  Thus  the  clinical  data  suggest 
that  early  artificial  circulatory  support 


(combined  with  early  countershoekl  is 
equally  efficacious  with  either  the 
open-chest  or  closed-chest  technique. 

The  majority  of  the  patients  in  Ste¬ 
phenson's  study  suffered  circulatory 
arrest  due  to  rhythms  other  than  VF. 
Arrest  was  ascribed  to  "vaso-vagal  re¬ 
flex  action"  or  was  the  result  of  ad¬ 
ministered  anesthetics.  Open-chest 
CPR  resulted  in  a  hospital  discharge 
rate  of  28%  in  this  population  This 
outcome  substantially  exceeds  the 
outcome  of  closed-chest  CPR  in  pre¬ 
hospital  arrests  due  to  rhythms  other 
than  VF.  The  populations  are  dis¬ 
similar,  however,  and  cannot  be  di¬ 
rectly  compared. 

Currently  there  are  no  data  to  sup¬ 
port  the  efficacy  of  early  open-chest 
CPR  over  early  closed-chest  CPR 
when  either  is  combined  with  early 
countershock.  The  utility  of  open- 
chest  CPR  after  failed  closed-chest  re¬ 
suscitation  techniques  has  not  been 
adequately  studied,  but  available  ex¬ 
perimental  data  suggest  that  use  of 
open-chest  CPR  after  20  minutes  of 
arrest  is  unlikely  to  result  in  improved 
outcome. 4K  The  use  of  open-chest 
CPR  in  prehospital  arrest  rhythms 
other  than  VF  has  not  been  studied, 
but  could  be  advantageous. 

Clinical  Experience  vs 
Experimental  Models: 

Is  There  a  Difference? 

Defining  Clinical  Needs 

The  treatment  of  prehospital  VF 
may  be  less  than  optimal  and  con¬ 
stricted  by  current  practice.  Outcome 
is  dependent  on  the  early  availability 
of  artificial  circulatory  support  and 
countershock.  The  unavailability  of 
early  conventional  CPR  may  not  be 
used  to  belie  its  effectiveness. 

Mortality  from  prehospital  cardiac 
arrest  due  to  VF  can  be  accounted  for 
by  the  following:  1)  delay  in  defihrilla- 
tion;’4  Jf'  '0  2)  postcountershock  or 
"secondary"  asystole/bradycardia;  and 
3)  inhospital  mortality  or  morbidity 
after  restoration  of  spontaneous  cir¬ 
culation.  In  a  recent  study,  investiga¬ 
tors  defined  a  population  at  risk  for 
postcountershock  asystole/bradycar¬ 
dia.  *J  Experimental  data  suggest  that 
postresuscitation  and  postreperfusion 
tissue  iniury  can  be  prevented  or  at¬ 
tenuated.  In  a  population  of  patients 
with  VF,  radical  alteration  in  artificial 
perfusion  techniques  may  not  he  nec¬ 
essary  because  morbidity  and  mor¬ 
tality  can  he  prevented. 

Arrest  rhythms  other  than  VF  or 
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VT  are  usually  fatal.  This  result  is  ex¬ 
pected  because  of  a  limited  under¬ 
standing  of  their  mechanism  and, 
therefore,  their  treatment.  Such 
rhythms  may  account  for  as  many  as 
50%  of  prehospital  resuscitation 
failures.  These  failures  may  not  be 
ascribed  to  the  perceived  inadequacies 
of  conventional  CPR,  because  closed- 
chest  CPR  was  advocated  by  its  in¬ 
ventors  to  buy  time  until  closed-chest 
countershock  could  be  made  available. 
The  mechanism  of  primary  bra- 
dyasystolic  arrest  are  poorly  under¬ 
stood,  but  their  importance  is  recog¬ 
nized.  In  contrast  to  VP,  there  is  no 
prescribed  treatment  of  value,  even 
when  non-VF  arrest  occurs  when  ad¬ 
vanced  rescuers  are  present  .-,H-49 
The  clinical  needs  of  practitioners 
demand  the  development  and  study  of 
primary  bradyasystolic  models  of  car¬ 
diac  arrest;  attention  to  postresusci- 
tative  care  of  survivors  of  prehospital 
cardiac  arrest;  predictors  and  treat¬ 
ment  of  postcountershock  asystole/ 
pulseless  bradyarrhythmias;  definition 
of  the  "window"  for  cardiac  resuscita¬ 
tion  in  the  clinical  setting;  and  clarifi¬ 
cation  of  the  utility  of  unconventional 
circulatory  support  techniques  in  con¬ 
ventional  resuscitation  failures.  The 
outcome  and  the  importance  of  an  al¬ 
liance  between  the  practitioner  and 
the  basic  investigator  is  obvious,  and 
it  must  be  cultivated  if  current  resus¬ 
citation  research  is  to  achieve  its 
intended  purpose,  that  is,  patient  ben¬ 
efit. 
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every  12  hours,  with  or  without  a  loading  dose 
of  75  mg/kg 

50  to  75  mg' kg  (not  to  exceed  2  gm)  in  divided 
doses  every  12  hours 

Single  250-mg  1M  dose 

Single  l-gm  dose,  '/e  to  2  hours  preoperatively 

Roche  Laboratories 

Division  of  Hoffmann-La  Roche  Inc. 

Nutlcy,  New  Jersey  07110 


Please  see  next  pages  for  complete  product  information. 


Once-a-day 
Rocephin  iv-im  <=> 

ceftriaxone  sodium /Roche 


usage  offers  an  additional  opportunity  for  cost 
containment 


iNMMa mum 


Rocephin  iv-im 

ceftriaxone  sodium /Roche 


DESCRIPTION:  Rocephin  *  (ceftnaxone  sodium  Roche)  is  a  stenle.  semisynthetic,  broad-speclnjm  cephalo- 
sponn  antibtottc  tor  intravenous  or  intramuscular  administration  Cettnaxooe  sodium  is  5-Thia- 1  -azabrcy- 
clo[4  2  0 )oct- 2 -ene- 2 -carboxylic  acid  7-(((2-ammo  4-thiazolyl){methoxyimino)acetyl  aminoJ-8-oxo-3- 
(l(t.2.5.6-tetrahydro-2-methyl-5,6-diOKO-t,2.4  tnazin-3-yt)thio|methy(|-.  disodium  salt.  (bR  {6u  .7ti(Z)jl- 
The  chemical  formula  of  ceftriaxone  sodium  is  Cta  H16  N8  Na?  0?  S3  3  5  H?0  It  has  a  calculated  molecular 
weight  of  661  59  and  the  following  structural  formula 


CM...  N  <-> 

,.-CX 


Rocephin  is  a  white  lo  yellowish-orange  crystalline  powder  which  is  readily  soluble  in  water,  spanngly  soluble 
in  methanol  and  very  slightly  soluble  in  ethanol  The  pH  ot  a  1%  aqueous  solution  is  approximately  6  7  The 
color  ot  Rocephin  solutions  ranges  Irom  light  yellow  to  amber,  depending  on  the  length  of  storage,  concentra¬ 
tion  and  diluent  used 

Rocephin  contains  approximately  83  mg  (3  6  mEq)  ol  sodium  per  gram  of  ceftnaxone  activity 
CUNICAL  PHARMACOLOGY:  Average  plasma  concentrations  ot  ceftnaxone  toitowing  a  single  30- minute  intra¬ 
venous  (I  V)  infusion  of  a  0  5,  1  or  2  gm  dose  and  intramuscular  (I  M  )  administration  ot  a  single  0  5  or  1  gm 
dose  in  healthy  subjects  are  presented  in  Table  1 

TABLE  1 

Ceftnaxone  Plasma  Concentrations  After  Single  Dose  Administration 


Oose/Roule 

Average  Plasma  Concentrations  (meg' ml) 

0  5  hr 

1  hr 

2  hr 

4  hr 

6  hr 

8  hr 

12  hr 

16  hr 

24  hr 

0  5  gm  I  V 

82 

59 

48 

37 

29 

23 

15 

10 

5 

0.5  gm  I.M 

30 

41 

43 

39 

31 

25 

16 

NDt 

ND 

t  gm  1  V  * 

151 

111 

88 

67 

53 

43 

28 

18 

9 

1  jjml.M 

40 

68 

76 

68 

56 

44 

29 

ND 

ND 

2  gm  1  V.  • 

257 

192 

154 

117 

89 

74 

46 

31 

15 

*1  V  doses  were  infused  at  a  constant  rate  over  30  minutes 
fND  --  Not  determined 

Ceftnaxone  was  completely  absorbed  following  I  M  administration  with  mean  maximum  plasma  concentra¬ 
tions  occurnng  between  two  and  three  hours  postdosing  Multiple  l  V  or  I  M  doses  ranging  tram  0  5  to  2  gm 
at  12  to  24-hour  intervals  resulted  in  15  to  36%  accumulation  of  ceftnaxone  above  single  dose  values 
Ceftnaxone  concentrations  in  unne  are  high,  as  shown  in  Table  2 

TABLE  2 

Urinary  Concentrations  ot  Ceftnaxone  After  Single  Oose  Administration 


Dose/Route 

Average  Unnary  Concentrations  (mcg/ml) 

0-2  hr 

2-4  hr 

4  8  hr 

8-12  hr 

12-24  hr 

24-48  hr 

0  5  gm 1 V 

526 

366 

142 

87 

70 

15 

0  5  gm  1  M 

115 

425 

308 

127 

96 

28 

1  gm  1  V 

995 

855 

293 

147 

132 

32 

1  gm  1  M 

504 

628 

418 

237 

ND’ 

ND 

2gmlV 

2692 

1976 

757 

274 

198 

40 

Thirty-three  to  67%  of  a  ceftnaxone  dose  was  excreted  in  the  urine  as  unchanged  drug  and  the  remainder  was 
secreted  in  the  bile  and  ultimately  tound  in  the  teces  as  rrucrobioiogically  inactive  compounds  After  a  1  gm  I  V 
dose,  average  concentrations  of  ceftnaxone.  determined  from  one  to  three  hours  after  dosing,  were  581  meg/ 
ml  in  the  gallbladder  bile.  788  mcg/ml  in  the  common  duct  bile,  898  mcg/ml  in  the  cystic  duct  bile,  78  2  meg/ 
gm  in  the  gallbladder  wall  and  62 1  mcg/ml  in  the  concurrent  plasma 

Over  a  015  to  3  gm  dose  range  in  healthy  adult  subjects  the  values  of  elimination  hall-life  ranged  from  5  8  to 
8  7  hours,  apparent  volume  of  distribution  from  5  78  lo  13  5  L.  plasma  clearance  from  0  58  to  145  L/hour. 
and  renal  clearance  from  0  32  to  0  73  Uhour  Ceftriaxone  is  reversibly  bound  to  human  plasma  proteins,  and 
the  binding  decreased  trom  a  value  ol  95%  bound  at  plasma  concentrations  ol  •  25  mcg/ml  to  a  value  of  85% 
bound  at  300  mcg/ml 

The  average  values  of  maximum  plasma  concentration,  elimination  half-life,  plasma  clearance  and  volume  of 
distnbution  after  a  50  mg/kg  I  V  dose  and  after  a  75  mg/kg  I  V  dose  in  pediatric  patients  suffering  Irom  bac- 
tenal  meningitis  are  shown  in  Table  3  Ceftriaxone  penetrated  the  inflamed  menmaes  ol  infants  and  children. 
CSF  concentrations  after  a  50  mg  kg  I  V  dose  and  after  a  75  mg/kg  I  V  dose  are  also  shown  in  Table  3 

TABLE  3 

Average  Pharmacokinetic  Parameters  ot  Ceftnaxone 
in  Pediatnc  Patients  with  Meningitis 

50  mg/kg  I  V  75  mg/kg  I  V 

Maximum  Plasma  Concentrations  (meg  m!)  216  275 

Elimination  Halt-life  (hr)  4  6  4  3 

Plasma  Clearance  (ml 'hr  kg)  49  60 

Volume  ol  Distribution  (ml  kg)  338  373 

CSF  Concentration  inflamed 

meninges  (meg  ml)  5  6  6  4 

Range  (meg  ml)  13  18  5  13-44 

Time  after  dose  (hr)  3  7  ( ♦  1  6)  3  3  (  •  1  4) 

Compared  to  that  in  healthy  adult  sublets  the  pharmacokinetics  of  ceftnaxone  were  only  minimally  altered  in 
elderly  subjects  and  in  patients  with  renal  impairment  or  hepatic  dysfunction  (Table  4)  therefore  dosage  ad 
justmenis  are  nol  necessary  lor  these  patients  with  ceftriaxone  dosages  up  to  2  gm  per  day  Ceftriaxone  was 
not  removed  to  any  significant  extent  Irom  the  plasma  by  hemodialysis  In  6  of  26  dialysis  patients  the  elim 
mation  rate  of  ceftriaxone  was  markedly  reduced  suggesting  that  plasma  concentrations  ot  ceftnaxone  should 
be  monitored  in  these  patients  to  determine  if  dosage  adjustments  are  necessary 

TABLE  4 

Average  Pharmacokinetic  Parameters  of  Ceftriaxone  m  Humans 


Subject 

Group 

Elimination 

Halt  Lite 
(hr) 

Plasma 

Clearance 

(Lhr) 

Vritume  ol 

0'  tnbution 
(L) 

Healthy  Subjects 

5  8  8  7 

0  58  1  45 

5  8-135 

Elderly  Subjects  (mean  age  70  5  yr) 
Patients  with  renal  impairment 
Hemodialysis  patients 

09 

0  83 

10  7 

10 5  ml  min)‘ 

)4  7 

0  65 

13  7 

Severe  (5  15  ml  mm) 

15  7 

0  56 

12  5 

Moderate  (16  30  ml  mm) 

11  4 

0  72 

11  8 

Mild  (31  60  ml  mini 

1?  4 

0  70 

13  3 

Patients  with  liver  disease 

88 

1  1 

136 

'Creatinine  clearance 


v 


ROCEPHIN '  (ceftriaxone  sodium  Roche) 

MICROBIOLOGY  The  bactericidal  activity  of  ceftnaxone  results  from  inhibition  of  cell  wan  synthesis  Ceftn 
axone  has  a  high  degree  ot  stability  m  the  presence  ot  beta  lactamases  both  penicillinases  and  cephamspo 
rmases.  of  gram -negative  and  gram -positive  bacteria  Ceftriaxone  is  usually  active  agamst  the  toliowmy 
microorganisms  in  vitro  and  in  clinical  infections  (see  Indications  and  Usage) 

GRAM-NEGATIVE  AEROBES  Enterobacter  aerogenes  Enterabaclet  cloacae  t  schenchia  coii  Haemopnilus  m 
ttuenzae  (including  ampiollin-resistant  strains).  H  paramfluemae  Klebsiella  species  (including  K  pneumo 
mae).  Neisseria  gonorrhoeae  (including  penicillinase  and  nonpenicillmase  producing  strains)  Neisseria 
meningitidis.  Proteus  mirabhs,  Proteus  vulgaris.  Morganella  morgana  and  Serratia  marcescens 
Note  Many  strains  of  the  above  organisms  that  are  multiply  resistant  to  other  antibiotics  e  g  pemcinms 
cephalosporins  and  aminoglycosides,  are  susceptible  to  ceftriaxone  sodium 
Ceftnaxone  is  also  active  against  many  strains  of  Pseudomonas  aeruginosa 

GRAM-POSITIVE  AEROBES  Staphylococcus  aureus  (including  penicillinase-producing  strains)  and  Sf^pziy 
lococcus  epidermidis  (Note  methicillin-resistant  staphylococci  are  resistant  to  cephalosporins  including  cet 
tnaxone),  Streptococcus  pyogenes  (Group  A  beta-hemolytic  streptococci)  Streptococcus  agalactiae  (Group  B 
streptococci)  and  Streptococcus  pneumoniae.  (Note  Most  strains  ol  enterococci  Streptococcus  taecahs  and 
Group  D  streptococci  are  resistant ) 

Ceftnaxone  also  demonstrates  in  vitro  activity  against  the  following  microorganisms  although  the  clinical  sig 
mftcance  is  unknown 

GRAM-NEGATIVE  AEROBES  Cilrobacter  freundn,  Citrobacter  diversus  Providencia  species  (including  Provi 
denoa  rettgeri).  Salmonella  specie s  (including  S  typhi).  Shigella  species  and  Aaneiobacier  catcoaceticus 
ANAEROBES  Bacteroides  species.  Clostridium  species  (Note  most  strains  of  C  difficile  are  resistant) 
SUSCEPTIBILITY  TESTING  Standard  susceptibility  disk  method  Quantitative  methods  that  require  mea 
surement  of  zone  diameters  give  the  most  precise  estimate  of  antibiotic  susceptibility  One  such  procedure 
(Bauer  AW.  Kirby  VVMM.  Sherns  JC.  Turck  M  Antibiotic  Susceptibility  testing  by  a  Standardized  Single  Disk 
Method.  Am  J  Clin  Pathol  45  493-496, 1966,  Standardized  Disk  Susceptibility  Test  Federal  Register  39  19182 
19184,  1974.  National  Committee  tor  Clinical  laboratory  Standards.  Approved  Standard  ASM  2  Performance 
Standards  tor  Antimicrobial  Disk  Susceptibility  Tests.  July  1975  )  has  been  recommended  lor  use  with  disks  to 
test  susceptibility  to  ceftnaxone 

Laboratory  results  of  the  standardized  single-disk  susceptibility  test  using  a  30  meg  ceftriaxone  disk  should  be 
interpreted  according  to  the  following  three  critena 

1  Susceptible  organisms  produce  zones  of  18  mm  or  greater,  indicating  that  the  tested  organism  is  likely  to 
respond  to  therapy 

2  Organisms  that  produce  zones  ot  14  to  17  mm  are  expected  to  be  susceptible  it  a  high  dosage  (not  to  exceed 
4  gm  per  day)  is  used  or  it  the  infection  is  confined  to  tissues  and  fluids  (e  g  unne).  m  which  high  antibiotic 
levels  are  attained 

3  Resistant  organisms  produce  zones  of  13  mm  or  less,  indicating  that  other  therapy  should  be  selected 
Organisms  should  be  tested  with  the  ceftnaxone  disk,  since  ceftnaxone  has  been  shown  by  in  vitro  tests  to  be 
active  against  certain  strains  found  resistant  to  cephalosporin  class  disks 

Organisms  having  zones  of  less  than  18  mm  around  the  cephalothm  disk  are  not  necessarily  of  intermediate 
susceptibility  or  resistant  to  ceftnaxone 

Standardized  procedures  require  use  ot  control  organisms  The  30-mcg  ceftnaxone  disk  should  give  zone  di 
ameters  between  29  and  35  mm.  22  and  28  mm  and  17  and  23  mm  tor  the  reference  strains  E  colt  ATCC 
25922  S  aureus  ATCC  25923  and  P  aeruginosa  ATCC  27853.  respectively 

DILUTION  TECHNIQUES  Based  on  the  pharmacokinetic  profile  of  ceftriaxone,  a  bacterial  isolate  may  be  con¬ 
sidered  susceptible  if  the  MIC  value  tor  ceftnaxone  is  not  more  than  16  mcg/ml  Organisms  are  considered 
resistant  to  ceftnaxone  if  the  MIC  is  equal  to  or  greater  than  64  mcg/ml  Organisms  having  an  MIC  value  of 
less  than  64  mcg/ml.  but  greater  than  16  mcg/ml,  are  expected  to  be  susceptible  if  a  high  dosage  (not  to  exceed 

4  gm  per  day)  is  used  or  it  the  infection  is  confined  to  tissues  and  fluids  (e  g  .  unne).  in  which  high  antibiotic 
levels  are  attained. 

E.  coli  ATCC  25922.  S  aureus  ATCC  25923  and  P  aeruginosa  ATCC  27853  are  also  the  recommended  reterence 
strains  for  controlling  ceftnaxone  dilution  tests  Greater  than  95%  ol  MICs  for  the  E  coli  strain  should  fall  within 
the  range  of  0  016  to  0  5  mcg/ml  The  range  for  the  S  aureus  strain  should  be  1  lo  2  meg  ml.  while  for  the 
P  aeruginosa  strain  the  range  should  be  8  to  64  mcg/ml 

INDICATIONS  AND  USAGE:  Rocephin  is  indicated  tor  the  treatment  of  the  following  infections  when  caused  by 
susceptible  organisms: 

LOWER  RESPIRATORY  TRACT  INFECTIONS  caused  by  Strep  pneumoniae.  Streptococcus  species  (excluding 
enterococci).  Staph,  aureus.  H  influenzae.  H  paramfluenzae.  Klebsiella  species  (including  K  pneumoniae). 
E  coli.  E  aerogenes.  Proteus  mirabihs  and  Serratia  marcescens 

SKIN  AND  SKIN  STRUCTURE  INFECTIONS  caused  by  Staph,  aureus.  Staph  epidermidis.  Streptococcus  spe¬ 
cies  (excluding  enterococci).  E  cloacae.  Klebsiella  species  (including  K  pneumoniae).  Proteus  mirabihs  and 
Pseudomonas  aeruginosa. 

URINARY  TRACT  INFECTIONS  (complicated  and  uncomplicated)  caused  by  E  coli.  Proteus  mirabihs.  Proteus 
vulgaris.  M.  morganii  and  Klebsiella  species  (including  K  pneumoniae ) 

UNCOMPLICATED  GONORRHEA  (cervical* urethral  and  rectal)  caused  by  Neissena  gonorrhoeae.  including  both 

penicillinase  and  nonpenicillinase  producing  strains 

PELVIC  INFLAMMATORY  DISEASE  caused  by  N  gonorrhoeae 

BACTERIAL  SEPTfCEMfA  caused  by  Staph  aureus.  Strep  pneumoniae.  E  coh  H  influenzae  and 
K  pneumoniae 

BONE  AND  JOINT  INFECTIONS  caused  by  Staph  aureus.  Strep  pneumoniae.  Streptococcus  species  (exetud 
mg  enterococci),  E  coli.  P  mirabihs,  K  pneumoniae  and  Enterobacter  species 
INTRA-ABDOMINAL  INFECTIONS  caused  by  E  coh  and  K  pneumoniae 

MENINGITIS  caused  by  H  influenzae,  At  meningitidis  and  Strep  pneumoniae  Ceftriaxone  has  also  been  used 
successfully  in  a  limited  number  of  cases  of  meningitis  and  shunt  infections  caused  by  Staph  epidermidis  and 
E  coh 

PROPHYLAXIS  The  administration  of  a  single  dose  ot  ceftnaxone  preoperative(y  may  reduce  the  incidence  ot 
postoperative  infections  in  patients  undergoing  coronary  artery  bypass  surgery  Although  ceftnaxone  has  been 
shown  to  have  been  as  effective  as  cetazolin  in  the  prevention  ol  infection  following  coronary  artery  bypass 
surgery,  no  placebo-controlled  tnals  have  been  conducted  to  evaluate  any  cephalosporin  antibiotic  m  Ihe  pre 
vention  of  infection  following  coronary  artery  bypass  surgery 

SUSCEPTIBILITY  TESTING  Before  instituting  treatment  with  Rocephin  appropriate  specimens  should  be  ob 
tamed  for  isolation  of  the  causative  organism  and  lor  determination  of  its  susceptibility  to  the  druq  Therapy 
may  be  instituted  pnor  to  obtaining  results  ot  susceptibility  testing 

CONTRAINDICATIONS:  Rocephin  is  contraindicated  in  patients  with  known  allergy  to  the  cephalosporin  class 
of  antibiotics 

WARNINGS:  BEFORE  THERAPY  WITH  ROCEPHIN  IS  INSTITUTED  CAREFUL  INQUIRY  SHOULD  BE  MADE  10 
DETERMINE  WHETHER  THE  PATIENT  HAS  HAD  PREVIOUS  HYPERSENSITIVITY  REACTIONS  TO  CFPHAlO 
SPORINS.  PENICILLINS  OR  OTHER  DRUGS  THIS  PRODUCT  SHOULD  BE  GIVEN  CAUTIOUSLY  TO  PENICIL 
UN-SENSITIVE  PATIENTS  ANTIBIOTICS  SHOULD  BE  ADMINISTERED  WITH  CAUTION  TO  ANY  PATIENT 
WHO  HAS  DEMONSTRATED  SOME  FORM  Of  ALLERGv  PARTICULARLY  TO  DRUGS  SERIOUS  ACUTE  HY 
PERSENSITIVITY  REACTIONS  MAY  REQUIRE  THE  USE  OF  SUBCUTANEOUS  EP1NFPHRINE  AND  OTHER 
EMERGENCY  MEASURES 

Pseudomembranous  colitis  has  been  reported  with  the  use  ot  cephalosporins  (and  other  broad  spectrum  anti 
biotics)  therefore  it  is  important  lo  consider  its  diagnosis  m  patients  who  develop  diarrhea  m  association  with 
antibiotic  use 

Treatment  with  broad  spectrum  antibiotics  alters  the  normal  flora  ot  the  colon  and  may  permit  overgrowth  ol 
clostndia  Studies  indicate  a  toxin  produced  by  Cbstndium  difficile  is  one  primary  cause  ol  antibmlic  assoo 
ated  colitis  Cholestyramine  and  colestipol  resins  have  been  shown  to  bind  to  the  toxin  m  v>uo 
Mild  cases  of  colitis  respond  to  drug  discontinuance  alone  Moderate  to  severe  cases  should  be  managed  with 
fluid  electrolyte  and  protein  supplementation  as  indicated 

When  the  colitis  is  not  relieved  by  drug  discontinuance  or  when  it  is  severe  oral  vanr.nmyrm  is  the  treatment 
of  choice  for  antibiotic  associated  pseudomembranous  colitis  produced  by  C  dittmb  Other  causes  ol  metis 
should  atso  be  considered 

PRECAUTIONS:  GtNtRAl  Although  transient  elevations  ot  BUN  and  serum  creatinine  have  been  observed  at 
the  recommended  dosages  the  nephrotoxic  potential  ot  Rocephin  is  similar  to  that  nt  other  cephalosporin-. 
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ROCEPHIN  •  (ceftriaxone  sodium  Roche) 


250  mq 
>00  mg 

1  qm 

2  qm 


0  9  mi 
I  8  mi 
3  6  mi 
7  2  mi 


Roche  I  .iihoralorics 

Division  oi  Motiinann-I.ii  Roclic  Inc 

Nut  lev.  New  Jersev  07  MU 


ROCEPHIN  -  (ceftriaxone  sodium  Roche) 


Cettnaxone  is  excreted  via  both  biliary  and  renal  excretion  (see  Clinical  Pharmacology)  Therefore  patients  with 
renal  failure  normally  require  no  adiustment  in  dosage  when  usual  doses  ot  Rocephin  are  administered  but 
concentrations  ot  drug  tn  the  serum  should  be  monitored  periodically  It  evidence  ot  accumulation  exists  dos 
age  should  be  decreased  accordingly 

Dosage  adjustments  should  not  be  necessary  m  patients  with  hepatic  dysfunction  however  in  patients  with 
both  hepatic  dysfunction  and  significant  renal  disease  Rocephin  dosage  should  not  exceed  2  gm  daily  without 
close  monitoring  ot  serum  concentrations 

Alterations  m  prothrombin  times  have  occurred  rarely  in  patients  treated  with  Rocephin  Patients  with  impaired 
vitamin  K  synthesis  or  low  vitamin  K  stores  (e  g  chronic  nepatic  disease  and  malnutrition)  may  require  mon 
itonng  ot  prothrombin  time  dunng  Rocephin  treatment  Vitamin  K  administration  (10  mg  weekly)  may  be  nec 
essary  if  the  prothrombin  time  is  prolonged  before  or  dunng  therapy 

Prolonged  use  of  Rocephin  may  result  in  overgrowth  ot  nonsusceptible  organisms  Careful  observation  of  the 
patient  is  essential  If  supennfection  occurs  dunng  therapy  appropriate  measures  should  be  taken 
Rocephin  should  be  presenbed  with  caution  in  individuals  with  a  history  of  gastrointestinal  disease  especially 
colitis 

CARCINOGENESIS.  MUTAGENESIS  IMPAIRMENT  Of  FERTILITY 

Carcinogenesis  Considering  the  maximum  duration  ot  treatment  and  the  class  of  the  compound  carcinogen¬ 
icity  studies  with  cettnaxone  m  animals  have  not  been  performed  The  maximum  duration  of  animal  toxicity 
studies  was  six  months 

Mutagenesis  Genetic  toxicology  tests  included  the  Ames  test  a  rmcronucteus  test  and  a  test  lor  chromosomal 
aberrations  m  human  lymphocytes  cultured  in  vitro  with  ceftriaxone  Ceftriaxone  showed  no  potential  for  mu¬ 
tagenic  activity  m  these  studies 

Impairment  of  Fertility  Cettnaxone  produced  no  impairment  of  fertility  when  given  intravenously  to  rats  at  daily 
doses  up  to  586  mg  kg  day  approximately  20  times  the  recommended  clinical  dose  of  2  gm  day 
PREGNANCY  Teratogenic  Effects  Pregnancy  Category  B  Reproductive  studies  have  been  performed  in  mice 
and  rats  at  doses  up  to  20  times  the  usual  human  dose  and  have  no  evidence  of  embryotoxicity.  fetotoxicity  or 
teratogenicity  In  primates  no  embryotoxicity  or  teratogenicity  was  demonstrated  at  a  dose  approximately  three 
times  the  human  dose 

There  are,  however,  no  adequate  and  well -controlled  studies  in  pregnant  women  Because  animal  reproductive 
studies  are  not  always  predictive  ot  human  response,  this  drug  should  be  used  during  pregnancy  only  if  clearly 
needed 

Nonteratogemc  Effects  In  rats,  in  the  Segment  I  (fertility  and  general  reproduction)  and  Segment  III  (perinatal 
and  postnatal)  studies  with  intravenously  administered  cettnaxone.  no  adverse  effects  were  noted  on  various 
reproductive  parameters  during  gestation  and  lactation,  including  postnatal  growth,  functional  behavior  and 
reproductive  ability  of  the  offspring,  at  doses  of  586  mg  kg  day  or  less 

NURSING  MOTHERS  Low  concentrations  of  cettnaxone  are  excreted  in  human  milk  Caution  should  be  ex¬ 
ercised  when  Rocephin  is  administered  to  a  nursing  woman 

PEDIATRIC  USE  Safety  and  effectiveness  of  Rocephin  in  neonates,  infants  and  children  have  been  established 
tor  the  dosages  desenbed  in  the  Dosage  and  Administration  section 

ADVERSE  REACTIONS:  Rocephin  is  generally  well  tolerated  In  clinical  trials,  the  following  adverse  reactions, 
which  were  considered  to  be  related  to  Rocephin  therapy  or  of  uncertain  etiology,  were  observed 
LOCAL  REACTIONS  —  pain,  induration  or  tenderness  at  the  site  of  injection  (1%)  Less  frequently  reported 
(less  than  1%)  was  phlebitis  after  I  V  administration 

HYPERSENSITIVITY  —  rash  (17%).  Less  frequently  reported  (less  than  1%)  were  pruritus,  fever  or  chills 
HEMATOLOGIC  eosmophilia  (6%).  thrombocytosis  (51%)  and  leukopenia  (21%)  Less  frequently  reported 
(less  than  1%)  were  anemia,  neutropenia,  lymphopenia,  thrombocytopenia  and  prolongation  of  the  prothrom¬ 
bin  time 

GASTROINTESTINAL  —  diarrhea  (2  7%)  Less  frequently  reported  (less  than  1%)  were  nausea  or  vomiting, 
and  dysgeusia 

HEPATIC  —  elevations  of  SGOT  (31%)  or  SGPT  (3  3%)  Less  frequently  reported  (less  than  1%)  were  eleva¬ 
tions  of  alkaline  phosphatase  and  bilirubin 

RENAL  —  elevations  of  the  BUN  (1.2%)  Less  frequently  reported  (less  than  1%)  were  elevations  of  creatinine 
and  the  presence  of  casts  in  the  urine 

CENTRAL  NERVOUS  SYSTEM  —  headache  oi  dminess  were  reported  occasionally  (less  Than  1%) 
GENITOURINARY  —  moniliasis  or  vaginitis  were  reported  occasionally  (less  than  1%) 

MISCELLANEOUS  —  diaphoresis  and  flushing  were  reported  occasionally  (less  than  1%) 

Other  rarely  observed  adverse  reactions  (less  than  01%)  include  leukocytosis  lymphocytosis,  monocytosis, 
basophilia,  a  decrease  in  the  prothrombin  time.  iaundice.  glycosuria  hematuria,  bronchospasm.  serum  sick¬ 
ness  abdominal  pain,  colitis,  flatulence  dyspepsia,  palpitations  and  epistaxis 

DOSAGE  AND  ADMINISTRATION:  Rocephin  may  be  administered  intravenously  or  intramuscuiarty  The  usual 
adult  daily  dose  is  1  to  2  gm  aiven  once  a  day  (or  in  equally  divided  doses  twice  a  day)  depending  on  the  type 
and  seventy  ot  the  infection  The  total  daily  dose  should  not  exceed  4  grams 

For  the  treatment  ot  senous  miscellaneous  infections  in  children,  other  than  meningitis  the  recom  mended  total 
daily  dose  is  50  to  75  mg  kg  (not  to  exceed  2  grams)  given  m  divided  doses  every  12  hours 
Generally.  Rocephin  therapy  should  be  continued  tor  at  least  two  days  after  the  signs  and  symptoms  of  infection 
have  disappeared  The  usual  duration  is  4  to  14  days  in  complicated  infections  longer  therapy  may  be  required 
In  the  treatment  oi  meningitis,  a  daily  dose  of  100  mg  kg  (not  to  exceed  4  grams)  given  m  divided  doses  every 
12  hours  should  be  administered  with  or  without  a  loading  dose  ot  75  mg  kg 

For  the  treatment  ol  uncomplicated  gonococcal  infections  a  single  intramuscular  dose  ot  250  mg  is 
recommended 

For  preoperative  use  (surgical  prophylaxis)  a  single  dose  ot  1  gm  administered  1  2  to  2  hours  before  surgery 
is  recommended 

When  treating  infections  caused  by  Streptococcus  pyogenes  therapy  should  be  continued  for  at  least  ten  days 
No  dosage  adiustment  is  necessary  for  patients  with  impairment  ot  renal  or  hepatic  function  however  blood 
levels  should  be  monitored  in  patients  with  severe  renal  impairment  le  g  dialysis  patientsi  and  m  patients  with 
both  renal  and  hepatic  dysfunctions 

DIRECTIONS  FOR  USE:  INTRAMUSCULAR  ADMINISTRAHON  Reconstitute  Rocephin  powder  with  the  appro 
pnate  diluent  tsee  Compatibility  Stability  section) 

Via)  Dosage  Sue  Amount  ot  Diluent  to  be  Added 


After  reconstitution,  each  1  ml  ot  solution  contains  approximately  250  mg  equivalent  ot  cettnaxone  it  required 
more  dilute  solutions  could  be  utilized  As  with  all  intramuscular  preparations  Rocephin  should  be  iniected  well 
within  the  body  ol  a  relatively  large  muscle,  aspiration  helps  to  avoid  unintentional  injection  into  a  blood  vessel 
INTRAVENOUS  ADMINISTRATION  Rocephin  should  be  administered  intravenously  by  intermittent  infusion 
Concentrations  between  10  mg  ml  and  40  mg  ml  are  recommended  however  lower  concentrations  may  be 
used  il  desired  Reconstitute  vials  or  piggyback  botties  with  an  appropriate  I  V  diluent  isee  Compatibility 
Stability  section; 

Vial  Dosage  Size  Amount  ol  Diluent  to  be  Added 

250  mg  2  4  mi 

500  mg  4  8  ml 

1  gm  9  6  mi 

2gm  19  2  ml 


After  reconstitution  each  1  ml  ol  solution  contains  approximately  100  mg  equivalent  of  cettnaxone  Withdraw 
entire  contents  and  dilute  to  the  desired  concentration  with  the  appropriate  I  V  diluent 

Piggyback  Bottle  Dosage  Size  Amount  ot  Diluent  to  be  Added 

1  gm  10  mi 

2  gm  20  ml 


After  reconstitution  further  dilute  to  50  ml  or  100  ml  volumes  with  the  appropriate  I  V  diluent 
10  gm  Bulk  Pharmacy  Container  This  dosage  size  is  NO!  FOR  DIRECT  ADMINISTRATION  Reconstitute  powder 
with  95  ml  ot  an  appropriate  I  V  diluent  Before  parenteral  administration  withdraw  the  required  amount  then 
further  dilute  to  the  desired  concentration 

COMPATIBILITY  AND  STABILITY:  Rocephin  sterile  powder  should  be  stored  at  room  temperature  77  f 
(25  C)  —  or  below  and  protected  from  light  After  reconstitution  protection  from  normal  light  is  not  necessary 
The  color  ol  solutions  ranges  from  light  yellow  to  amber  depending  on  the  length  ot  storage  concentration  and 
diluent  used 

Rocephin  intramuscular  solutions  remain  stable  (loss  ol  potency  less  than  10%)  for  the  following  time  periods 


Diluent 


Concentration 
mg  ml 


Room  Temp  (25  Cl 


Storage 


Refrigerated  (4  C) 


Stenle  Water  lor 

100 

3  days 

10  days 

Iniection 

250 

24  hours 

3  days 

| 

0  9%  Sodium 

100 

3  days 

10  days 

■,  » .  *  a 

Chloride  Solution 

250 

24  hours 

3  days 

5%  Dextrose 

too 

3  days 

10  days 

Solution 

250 

24  hours 

3  days 

«*  J 

Bacteriostatic  Water  * 

too 

24  hours 

1 0  days 

0  9%  Benzyl  Alcohol 

250 

24  hours 

3  days 

1%  Udocame  Solution 

too 

24  hours 

10  days 

(without  epinephrine) 

250 

24  hours 

3  days 

k 

Rocephin  intravenous  solutions 

at  concentrations  of  10.  20_and  40  mg  ml 

remain  stable  (loss  of  potency  less 

than  10%)  for  the  following  time  periods  stored  in  glass  or  PVC  containers 


Diluent 


Room  Temp  (25  C) 


Storage 


Refrigerated  (4  C) 


Stenle  Water 

3  days 

10  days 

0  9%  Sodium  Chlonde  Solution 

3  days 

10  days 

5%  Dextrose  Solution 

3  days 

10  days 

10%  Oextrose  Solution 

3  days 

10  days 

5%  Dextrose  ♦  0  9%  Sodium  Chloride 

Solution* 

3  days 

Incompatible 

5%  Dextrose  ♦  0  45%  Sodium  Chloride 

Solution 

3  days 

Incompatible 

•Data  available  Tor  10-40  mg  ml  concentrations  w  this  diluent  m  PVC  containers  only 

Similarly,  Rocephin  intravenous  solutions  at  concentrations  of  100  mg  ml.  remain  stable  in  the  I  V  piggyback 

glass  containers  tor  the  above  specified  time  periods 

The  following  intravenous  Rocephin  solutions  are  stable  at  room  temperature  (25  C)  tor  24  hours  at  concern 
{rations  between  10  mg  ml  and  40  mg  ml  Sodium  Lactate  (PVC  container)  10%  Invert  Sugar  (glass  con 
tamer),  5%  Sodium  Bicarbonate  (glass  container)  Freamme  III  (glass  container)  Normosoi-M  m  5%  Dextrose 
(glass  and  PVC  containers)  Inosol-B  in  5%  Dextrose  (glass  container)  5%  Mannitol  (glass  container)  10% 
Mannitol  (glass  container) 

After  the  indicated  stability  lime  periods  unused  portions  of  solutions  should  be  discarded 
Rocephin  reconstituted  with  5%  Dextrose  or  0  9%  Sodium  Chlonde  solution  at  concentrations  between  10  mg 
ml  and  40  mg  ml.  and  then  stored  in  frozen  state  (  20  C)  in  PVC  (Viallex!  or  polyoletm  containers  remains 
stable  for  26  weeks 


Frozen  solutions  should  be  thawed  at  room  temperature  before  use  After  thawing  unused  portions  should  be 
discarded  Do  not  refreeze 


Rocephm  solutions  should  not  be  physically  mixed  with  other  antimicrobial  drugs  due  to  possible 
incompatibility 

ANIMAL  PHARMACOLOGY:  Concretions  consisting  ol  the  precipitated  calcium  salt  ot  cettnaxone  have  been 
tound  m  the  gallbladder  bile  ol  dogs  and  baboons  treated  with  cettnaxone 

These  appeared  as  a  gntty  sediment  in  dogs  that  received  100  mq  kq  day  lor  tour  weeks  A  similar  phenomenon 
has  been  observed  in  baboons  but  only  after  a  protracted  dosmq  period  (6  months  i  at  higher  dose  levels  i335 
mg  kg  day  or  more)  The  likelihood  of  this  occurrence  rn  humans  is  considered  lo  be  low  since  ceftriaxone  has 
a  greater  plasma  half  life  in  humans,  the  calcium  salt  of  ceftriaxone  is  more  soluble  in  human  qailbiadder  bile 
and  the  calcium  content  ot  human  gallbladder  bile  is  relatively  low 

HOW  SUPPLIED:  Rocephin  icettriaxone  sodium  Rochei  is  supplied  as  a  sterile  crystalline  powder  m  qiass  vials 
and  piggyback  bottles  The  following  packages  are  available 

Vials  containing  250  mq  equivalent  ol  cettnaxone  sodium  Boxes  '4  10  iNDC  0004  196?  0!  i 

Vials  containing  500  mg  equivalent  ol  ceftriaxone  sodium  Boxes  it  10  iNDC  0004  1963  Ot  i 

Vials  containing  1  gm  equivalent  ol  cettnaxone  sodium  Boxes  ol  10  (NDC  0004  1964  01 1 

Piggyback  bottles  containing  1  qm  equivalent  ot  cettnaxone  sodium  Boxes  ol  10  iNDC  0004  1964  03 1 

Viais  containing  ?  gm  equivalent  ot  cettnaxone  sodium  Boxes  of  10  iNDC  0004  1965  01 1 

Piggyback  bottles  containing  2  gm  equivalent  ol  ceftriaxone  sodium  Boxes  ot  10  i  NDC  0004  t%5  03 1 

Bulk  pharmacy  containers  containing  10  qm  equivalent  ot  reftnaxnrie  sodium  Boxes  oi  i  iNDC  0004  ig'M 

Oil  NOT  FOR  DIRECT  ADMINISTRATION 
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A  new  generation  of  emergency  responders  . . . 
deserves  a  new  generation  of  defibrillators. 


Physio-Control's  new  LIFEPAK  200  automatic  advisory 
defibrillator  is  so  safe  and  simple  to  operate  that  a  broader 
range  of  emergency  responders  can  now  be  trained  to 
provide  on-the-scene  defibrillation  therapy. 

The  LIFEPAK  200  defibrillator  features  a  sophisticated  Shock 
Advisory  System  which  performs  an  ECG  analysis  so 
accurate  that  operator  training  in  rhythm  interpretation  is 
unnecessary 

Standard  features  include  an  ECG/ voice  recorder,  low 
maintenance  Battery  Pak  and  integral  charger  All  in  a 
portable,  rugged  package  that  weighs  less  than  15  pounds 

To  find  out  more  about  this  revolutionary 
new  defibrillator,  call  or  write  for  our 
brochure 

Physio-Control. 

Defining  the  standard  for  the  next 
generation  of  defibrillator /monitors. 
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The  panel  on  brain  resuscitation  included  discussions  on 
the  ischemic  neuron  and  its  environment,  the  initial 


-L  the  ischemic  neuron  and  its  environment,  the  initial 
evaluation  of  cerebral  insult,  and  clinical  maneuvers  that  can 
affect  recovery.  In  developing  a  perspective  on  resuscitation 
research,  the  discussants  have  raised  three  issues:  our  lack  of 
ability  to  measure  physiologic  and  hemodynamic  variables  in 
the  central  nervous  system;  the  variability  of  study  design; 
and  the  reproducibility  of  results. 


Measuring  Physiologic  Parameters 

The  first  step  in  transferring  basic  science  knowledge  to  the 
clinical  setting  is  the  ability  to  measure  the  physiologic  and 
hemodynamic  variables  of  the  central  nervous  system,  and 
the  ability  to  adapt  such  methods  of  measurement  to  the 
clinical  setting.  Current  methods  of  evaluating  the  CNS  vary, 
but  often  are  too  difficult  and  too  sophisticated  to  extrapolate 
from  the  researcher  and  his  laboratory  to  the  clinician  and  his 
laboratory. 

For  example,  cerebral  blood  flow  determination  has  been 
accomplished  by  the  microsphere  technique,  venous  outflow 
determination,  carotid  blood  flow  measurement,  and  ther¬ 
modilution.  Assessing  the  integrity  of  the  blood-brain  barrier, 
cell  function,  and  neuronal  environment  depends  on  bio¬ 
chemical  analysis  and  electron  microscopy.  Cortical  tissue 
pressures  can  he  measured  only  in  the  animal  laboratory. 
Measurement  of  intracranial  pressure  is  now  a  fairly  routine 
clinical  neurosurgical  procedure.  Gross  structure  and  func¬ 
tion  are  measured  hv  the  electroencephalogram,  by  comput¬ 
erized  axial  tomogram  and,  in  a  tew  centers,  by  nuclear  mag¬ 
netic  resonance  The  "gold  standard"  of  central  nervous 
system  function,  however,  is  measurement  of  ultimate  neu¬ 
rologic  recovery,  which  can  be  accomplished  during  properly 
designed  clinical  investigation. 

Only  a  tew  ot  these  determinations  are  currently  adaptable 
tor  geneT,i*  investigation  II. ‘P  measurement,  EEG,  CT  scan, 
and  measurement  ot  clinical  neurological  recovery  using 
clinical  grading  scales  It  seems,  therefore,  that  one  obiectivc 
ot  resuscitation  research  ought  to  he  to  develop  clinically 
useful  methods  ot  physiologic  and  hemodynamic  measure¬ 
ment  ot  the  central  nervous  system. 


Study  Design 


Or  Kehncrona  s  studies  demonstrate  the  importance  of  the 


prior  metabolic  and  physiologic  state  of  the  experimental 
animal  to  the  results  of  resuscitation  research.  The  clinical 
effectiveness,  or  lack  ot  effectiveness,  of  laboratory-deter¬ 
mined  treatments,  such  as  calcium  channel  blockers  or  bar¬ 
biturates,  certainly  depends  on  the  as-yet-undeternnncd  prior 
physiologic  parameters  of  the  human  subiect.  Today's  "black 
box"  approach  to  clinical  resuscitation  research  may  overlook 
a  subgroup  that  might  well  benefit  from  an  otherwise  ineffec¬ 
tive  maneuver. 

Study  costs  and  the  need  for  large  numbers  of  animals  have 
led  to  the  use  of  many  species  of  small  animals  in  investiga¬ 
tions.  Extrapolation  of  data  to  the  human  model  cannot, 
therefore,  be  totally  accurate.  Arrest-resuscitation  models 
must  be  carefully  analyzed  before  the  clinical  usefulness  of 
laboratory-evaluated  techniques  may  be  assumed.  For  exam¬ 
ple,  models  of  total  anoxia  versus  partial  or  total  ischemia 
produce  different  results.  Laboratory  resuscitation  tech¬ 
niques,  such  as  open-chest  massage,  may  not  be  applicable  to 
the  clinical  setting.  Unless  such  correlations  are  made,  what 
appears  promising  m  the  laboratory  may  become  a  clinical 
disappointment 

Cerebral  resuscitation  studies  are  designed  variously  to  de¬ 
termine  acute  jmmutesl,  subacute  (hours!,  and  prolonged 
(days)  neurologic  response.  The  costs  and  technical  difficul¬ 
ties  of  prolonged  laboratory  ‘ollow-up  have  led  to  a  predomi¬ 
nance  of  studies  designed  to  look  at  the  acute  or  subacute 
response.  Few,  it  any,  ot  these  can  be  extrapolated  to  the  "gold 
standard"  of  ultimate  neurologic  recovery. 


Reproducibility  of  Studies 

lust  as  there  are  multicenter  clinical  trials,  the  use  ot  multi- 
laboratory  studies  should  be  considered,  to  hasten  the  acquisi¬ 
tion  of  data  as  well  as  to  determine  the  suitability  of  the 
selected  methodology-  and  reproducibility  ot  techniques  and 
results.  The  multiluhurutory  approach  would  help  to  analyze 
thcrapeutie/toxic  ratios  ot  agents  used,  and  would  help  to 
determine  at  which  point  clinical  trials  are  indicated. 
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SPECIAL  CONTRIBUTION 

brain  ischemia:  glucose:  lactic  acid, 

neurologic  outcome 


Brain  Acidosis 


Brain  tissue  acidosis  is  a  result  of  either  an  increase  in  tissue  PC()2  or  an 
accumulation  of  acids  produced  by  metabolism.  Severe  hypercapnia  I ar¬ 
terial  PCO,  around  300  mm  Hg)  may  cause  a  fall  in  tissue  pH  to  around  6.6 
without  any  deterioration  of  the  cerebral  energy  state  or  morphologic  evi¬ 
dence  of  irreversible  cell  damage.  In  severe  ischemia  and  tissue  hypoxia, 
anaerobic  glycolysis  leads  to  lactic  acid  accumulation.  This  is  aggravated  by 
hyperglycemia  and  by  a  /trickling)  residual  blood  flow.  Under  such  circum¬ 
stances  lactate  concentration  in  the  tissue  may  increase  to  levels  above  20 
to  25  ymol/g  ( tissue  wet  weight),  causing  a  decrease  in  pH  to  around  6.0.  If 
lactic  acidosis  during  ischemia  or  hypoxia  reaches  these  excessive  levels, 
metabolic  and  functional  restitution  is  severely  hampered  upon  subsequent 
recirculation  and  reoxygenation.  In  these  circumstances  cell  morphology 
shows  signs  of  irreversible  damage.  Conversely  there  is  less  damage  if  severe 
tissue  lactic  acidosis  can  be  hindered.  The  deleterious  effect  of  excessive 
lactic  acidosis  may  be  related  to  an  influence  on  the  following:  synthesis 
and  degradation  of  cellular  constituents „■  mitochondrial  function:  cell  vol¬ 
ume  control:  postischemic  blood  flow:  and  stimulation  of  pathologic  free 
radical  reactions.  Possibilities  for  therapeutic  interventions  include  the 
avoidance  of  hyperglycemia,  inhibition  of  glycolysis,  and  measures  for  in¬ 
creasing  the  buffer  capacity  of  the  brain.  fRehncrona  .S':  Brain  acidosis.  Ann 
Enter g  Med  August  1985:14:770-776.1 

INTRODUCTION 

Brain  cells  are  relatively  well  protected  from  even  severe  systemic  meta¬ 
bolic  acid-base  disturbances.  There  are  several  mechanisms  by  which  this  is 
accomplished.  The  cells  of  the  brain  are  surrounded  by  a  buffered  extra¬ 
cellular  fluid  with  its  own  capacity  for  pH  regulation.  Brain  cells  are  also 
separated  from  the  blood  by  the  blood-brain  barrier,  which  has  low  per¬ 
meability  to  ionic  compounds  like  H‘  and  HCO,  .  Because  CO,,  like  other 
gas  compounds,  is  freely  diffusable,  a  change  in  blood  PCO,  is  readily  trans¬ 
mitted  to  both  extra-  and  intracellular  fluids  of  the  brain.  Therefore,  much 
interest  in  brain  acid-base  balance  originally  focused  on  the  effect  of  respira¬ 
tory  changes,  and  much  of  our  current  knowledge  of  brain  pH  regulation 
emanates  from  experiments  with  hypo-  and  hypercapnia.1  Brain  acid-base 
chemistry,  especially  that  of  the  intracellular  compartment,  has  gained  re¬ 
newed  attention  with  recent  demonstrations  of  a  relationship  between  meta¬ 
bolic  tissue  acidosis  and  cell  damage. 

More  than  20  years  ago  Friede  and  Van  Houten2  related  cellular  imury  in 
incubated  brain  tissue  slices  to  the  development  of  metabolic  acidosis  They 
observed  that  morphologic  changes  were  more  severe  if  oxidative  metabo¬ 
lism  alone  was  blocked  (with  cyanide!  than  if  both  glycolysis  and  cellular 
respiration  were  blocked  simultaneously.  Lindenberg  in  196T '  hypothesized 
that  structural  alterations  in  the  hypoxic  brain  described  as  "morphotropic 
necrobiosis”  were  caused  by  intracellular  acidosis.  It  was  only  recently  estab¬ 
lished  with  in  vivo  models,  however,  that  severe  tissue  lactic  acidosis  limits 
the  possibility  for  cel!  survival  in  brain  ischemia.  *  y 

The  purpose  of  this  article  is  to  review  data  on  the  relationship  between 
severe  tissue  acidosis  and  irreversible  brain  cell  damage.  In  this  context,  a 
summary  discussion  of  cerebral  pH  regulation,  which  has  been  thoroughly 
reviewed  elsewhere,1  m  will  be  helpful  for  understanding  the  acid-base  issues 
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Fig.  1.  Diagram  illustrating  some 
mechanisms  of  importance  for  intra¬ 
cellular  pH  regulat  m  in  the  brain. 


in  brain  pathophysiology. 


CEREBRAL  pH  REGULATION 

The  most  important  mechanisms 
serving  to  maintain  brain  pH  home¬ 
ostasis  are  physicochemical  buffering, 
production  or  consumption  of  meta¬ 
bolic  acids,  and  transmembrane  fluxes 
of  H  +  and  HCO  .  Both  extra-  and  in¬ 
tracellular  fluids  of  the  brain  contain 
buffer  systems,  the  most  important 
being  bicarbonate-carbonic  acid 
|HCO,7H2CO,).  In  addition,  the  in¬ 
tracellular  fluid  contains  a  number  of 
nonbicarbonate  buffers  and  has  a  total 
buffering  capacity  approaching  that  of 
the  blood. 

A  change  in  intracellular  pH  ho¬ 
meostasis  usually  is  due  either  to  a 
change  in  PCO,  or  to  a  net  increase  in 
metabolic  acid  production.  An  in¬ 
crease  or  decrease  in  PC02,  tending  to 
induce  respiratory  acidosis  or  al¬ 
kalosis,  can  to  some  extent  be  com¬ 
pensated  for  by  increased  consump¬ 
tion  or  production  of  metabolic  acids, 
ie,  by  an  increase  or  decrease  in  buffer 
base  (BB)  concentration.  Conversely 
an  acid  load  due  to  the  accumulation 
of  metabolic  acids  may  to  .ome  extent 
be  compensated  for  by  a  decrease  in 
PCO,  (hyperventilation].  However,  the 
capacity  of  respiratory  compensation 
for  a  metabolic  acid  load  is  rather 
small.  Siesjo1  demonstrated  that  an 
increase  of  the  steady  state  concentra¬ 
tion  of  lactic  acid  in  intracellular 
water  by  6  p.mol/g  would  require  a 
drop  in  PCO,  to  25  mm  Hg  for  pH  to 
remain  unchanged. 

In  addition  to  physicochemical  buff¬ 
ering  and  metabolic  regulation,  the 
intracellular  pH  depends  on  trans¬ 
membrane  fluxes  of  Hf  and  HCO, 
ions.  Extrusion  of  H  +  from  the  intra¬ 
cellular  compartment  is  thought  to 
occ;  '  in  exchange  for  Na+  through  an 
antiport  system.  This  acid  extrusion  is 
energy  demanding;  the  driving  force  is 
the  Na  *  -gradient  created  by  the 
membrane  bound  Naf,  FD-ATPase. 
HCO,  may  be  transported  inside  the 
cell  by  another  antiporter  in  exchange 
for  chloride  anions.  The  HCO,  /Cl 
antiport  system,  which  does  not  seem 
to  be  energy  dependent,  may  be  re¬ 
versed  so  as  to  cause  a  leakage  of  H  + 
back  into  the  cell."  A  simplified 
diagram  illustrating  these  important 
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processes  for  brain  intracellular  pH 
regulation  is  shown  (Figure  1). 


BRAIN  TISSUE  ACIDOSIS  AND 
CELL  DAMAGE 

Intracellular  hydrogen  ion  con¬ 
centration  may  increase  due  to  prin¬ 
cipally  two  different  mechanisms, 
that  is,  either  by  an  increase  in  PCO, 
(hypercapnia)  or  by  increased  net  pro¬ 
duction  of  lactic  acid  within  the  cell. 


microscopy.14  Therefore,  it  seems  rea¬ 
sonable  to  conclude  that  the  brain  can 
resist  this  degree  of  acidosis  (pH  = 
6.65)  without  gross  or  irreversible 
damage  if  there  is  no  concomitant  de¬ 
terioration  of  the  cerebral  energy 
state. 


Hypercapnic  Acidosis 

In  clinical  medicine  hypercapnia 
often  is  recognized  in  situations  of 
respiratory  insufficiency,  and  therefore 
it  is  frequently  associated  with  hypox¬ 
emia.  This  creates  a  complex  situa¬ 
tion  at  the  cellular  level.  Experimental 
data  on  pure  hypercapnia,  obtained  1./ 
ventilating  animals  with  gas  mixtures 
containing  a  high  CO,  concentration 
at  normoxia,  have  shown  that  brain 
intracellular  pH  drops  from  a  normal 
value  of  7.04  to  6.90  at  an  arterial 
PCO,  of  90  mm  Hg,  and  to  around 
6.65  at  PCO,  in  the  range  of  250  to 
.100  mm  Hg.1-  At  this  extremely  high 
(in  fact,  anesthetic)  CO,  tension,  there 
is  no  pertubation  of  the  cerebral  ener¬ 
gy  state  even  during  45  minutes  of 
CO,  exposure."  Furthermore,  such 
hypercapnic  exposure  induced  scarce¬ 
ly  any  irreversible  cell  changes  as 
evaluated  by  light-  and  elcctron- 


Ischemic  Acidosis 

In  severe  ischemia  land  tissue- 
hypoxia)  oxygen  delivery  to  brain  cells 
is  insufficient  for  normal  energy  pro¬ 
duction,  and  acid-base  homeostasis  is 
threatened  by  the  accumulation  of 
acid  equivalents  (metabolic  acidosis). 
This  situation  differs  from  hypercap¬ 
nic  acidosis  by  being  associated  with  a 
perturbation  of  the  energy  state.  Gly¬ 
colysis  proceeds  (at  an  increased  rate) 
in  the  absence  of  oxygen,  and  the  me¬ 
tabolism  of  glycolytic  substrates 
(glucose  and  glycogen)  terminates  be¬ 
fore  pyruvate  oxidation.  Due  to  the  in¬ 
tracellular  redox  shift  with  an  in¬ 
creased  NADH/NAD  '  ratio,  the 
lactate  dehydrogenase  (LDH!  equi¬ 
librium  is  strongly  shifted  to  the  right, 
resulting  in  the  production  and  ac¬ 
cumulation  of  lactic  acid: 


pyruvate  +  NADH*|H‘ 
Lactate  +  NAD- 


LDH 


Glycolytic  metabolism  supplies  the 
cell  with  minor  amounts  ot  energy  in 
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Fig.  3.  Proposed  influence  of  severe 
acidosis  on  mechanisms  that  may 
cause  irreversible  brain  cell  damage. 


was  complete.20  Therefore,  there  may 
be  some  difference  in  critical  levels  of 
ischemic  tissue  lactic  acidosis  for 
metabolic  and  for  functional  recovery. 

Hypoxemic  Acidosis 

Arterial  hypoxia  induces  a  compen¬ 
satory  increase  in  the  cerebral  blood 
flow  that  protects  the  tissue  from  a 
major  fall  in  oxygen  availability.  Ex¬ 
periments  with  artificially  ventilated 
animals  have  shown  that  the  arterial 
oxygen  tension  (Pa02)  may  be  de¬ 
creased  to  25  mm  Hg  in  uncompli¬ 
cated  hypoxia  without  any  perturba¬ 
tion  of  the  energy  state  or  increase  in 
tissue  lactate  concentration  to  above  8 
to  10  p.mol/g.  In  clinical  cases,  how¬ 
ever,  severe  hypoxia  is  often  compli¬ 
cated  by  factors  that  counteract  the 
homeostatic  effect  of  cerebral  vas¬ 
odilatation.  Such  factors  include  a 
drop  in  blood  pressure,  hypoxic  heart 
failure,  and  arteriosclerotic  disease 
that  may  curtail  the  compensatory  hy¬ 
peremia.  Such  clinical  situations  are 
mimicked  experimentally  by  severe 
hypoxia  induced  in  rats  after  clamping 
of  one  carotid  artery.  From  a  meta¬ 
bolic  point  of  view  this  preparation 


has  similarities  with  incomplete  is¬ 
chemia.  Thus  oxygen  delivery  to  the 
tissue  ipsilateral  to  the  occluded  ca¬ 
rotid  artery  may  be  decreased  to  levels 
insufficient  for  oxidative  metabolism; 
however,  CBF  still  is  near  normal,21 
and  the  tissue  is  supplied  with  glu- 
c.se.  In  physiologically  well-con¬ 
trolled  experiments  with  artificially 
ventilated  animals,  results  with  this 
preparation  have  shown  that  lactate 
accumulates  in  parallel  to  a  deteriora¬ 
tion  of  the  cerebral  energy  state,  and 
may  reach  excessive  levels  (20  to  50 
pmol/g|  only  in  the  ipsilateral  hemi¬ 
sphere.21  Perfusion  fixation  of  the 
brain  in  the  reoxygenation  phase  dem¬ 
onstrates  that  severe  morphologic  al¬ 
terations  develop  only  on  the  occluded 
side.22  Because  decreased  lactate  pro¬ 
duction  during  the  hypoxic  insult  im¬ 
proves  recovery,  it  seems  likely  that 
severe  lactic  acidosis  is  a  pathogenetic- 
factor  for  brain  damage  also  in  hypox¬ 
ic  situations.2' 

Other  Conditions 

It  is  theoretically  reasonable  that 
enzymatic  defects  and/or  mitochon¬ 
drial  dysfunction  could  cause  an  ac¬ 
cumulation  of  metabolic  acids  with 
intracellular  acidosis  in  the  brain.  Ex¬ 
cept  for  thiamine  deficiency,  however, 
few  data  are  available  on  the  possible- 
relationship  between  acidosis  and 


neuronal  damage  in  such  diseases. 
Thiamine  (vitamin  B , ),  in  the  form  of 
pyrophosphate,  is  a  cofactor  for  pyru¬ 
vate  dehydrogenase,  and  thiamine  de¬ 
ficiency  may  lead  to  regional  ac¬ 
cumulation  of  lactate  in  the  brain.24 
Data  on  brain  pH  in  thiamine-defi¬ 
cient  rats  (measured  autoradio- 
graphically  using  the  l4C-DMO  tech¬ 
nique)  demonstrate  tissue  acidosis 
with  tissue  pH  below  6.50  in  certain 
regions.24  The  regions  with  the  most 
severe  acidosis  coincide  with  those 
known  to  be  most  vulnerable  in  this 
disease,  and  it  was  suggested  that 
brain  acidosis  may  be  in  part  responsi¬ 
ble  for  the  miury. 

MOLECULAR  MECHANISMS 
FOR  ACIDOTIC  DAMAGE 

Certainly  the  final  outcome  of  brain 
ischemia  or  hypoxia  depends  on  sever¬ 
al  factors  that  may  operate  during  the 
insult  period  and/or  in  the  postinsult 
phase.  Moreover  such  factors  may  in¬ 
fluence  each  other  to  create  rather 
complex  mechanisms.  Nevertheless 
severe  tissue  lactic  acidosis  now 
seems  to  he  a  maior  detrimental  fac¬ 
tor.  Although  other  effects  ot  lactate 
accumulation  land  ot  hyperglycemia! 
should  be  considered  as  well,  the  most 
direct  pathophysiologic  explanation 
for  the  cell  injury  is  a  fall  m  ultra-  and 
extracellular  pH  Extracellular  pH  has 
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been  measured  with  microelectrodes 
during  complete  ischemia  in  normo- 
and  hyperglycemic  rats.  In  these  ex¬ 
periments  pH  falls  from  a  normal  val¬ 
ue  of  7.2  to  6.5  in  normoglycemia  and 
6.1  in  hyperglycemia.26  Data  on  the 
relationship  between  lactate  ac¬ 
cumulation  and  tissue  pH  (Figure  2) 
indicate  that  intracellular  pH  may  be 
decreased  to  below  6.0  if  lactate  accu¬ 
mulates  above  those  levels  critical  for 
cellular  viability  jie,  20  to  25  gcmtil/ 
g).46  Although  the  lactate-pH  rela 
tionship  given  in  Figure  2  is  derived 
from  experiments  with  complete  is¬ 
chemia  with  a  constant  total  CO, 
content  in  the  tissue,  it  is  likely  that 
the  same  relationship  holds  during  se¬ 
vere  incomplete  ischemia.2  The  re¬ 
sidual  CBF  in  severe  incomplete  ische¬ 
mia  is  extremely  low,  and  it  can  be 
assumed  that  only  minute  amounts  of 
CO,  will  escape  from  the  tissue. 
Moreover,  because  transmembrane 
fluxes  of  H‘  and  HCO,  are  slow, 
these  ion  exchange  systems  cannot  be 
expected  to  ameliorate  cellular  acid¬ 
osis  during  severe  incomplete  ische¬ 
mia. 

The  exact  molecular  mechanisms 
by  which  the  increase  in  intracellular 
hydrogen  ion  activity  leads  to  cell 
damage  remain  a  matter  of  specula¬ 
tion  This  is  partly  due  to  the  fact  that 
changes  in  pFl  outside  the  close  phys¬ 
iologic  range  must  influence  a  great 
many  enzyme  systems  and  bio¬ 
chemical  reactions,  including  those 
tor  synthesis  and  degradation  of  cell 
constituents.  Thus  in  addition  to  asso¬ 
ciation  with  deleterious  effects  on  cell 
structure  and  energy  metabolism,  a 
large  acid  load  may  well  influence  spe¬ 
cialized  neuronal  functions  such  as 
the  metabolism  of  transmitter  sub¬ 
stances  Some  of  the  current  concepts 
of  the  development  of  ischemic  and 
hypoxic  tissue  iniury  (Figure  dl  de¬ 
serve  special  attention  in  relation  to 
tissue  acidosis. 

Mitochondrial  Dysfunction 

Brain  mitochondria  and  mitochon¬ 
dria  from  several  other  tissues  are  sen¬ 
sitive  to  changes  in  pH.  Exposure  of 
isolated  mitochondria  to  acidosis 
causes  an  inhibition  of  ADP-stimu- 
lated  (state  dl  respiratory  activity  At 
pH  of  6.0  and  below  ATP  production 
ceases  -’ '  Normalization  of  pH  after 
five  minutes  of  exposure  to  this  low 
PH  range  results  in  incomplete  recov¬ 
ery  of  respiratory  activity-’  -  These  re¬ 
sults  with  in  vitro  acidosis  corroborate 
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earlier  in  vivo  results  showing  per¬ 
sistent  mitochondrial  dysfunction 
upon  recirculation  following  dO  min¬ 
utes  of  severe  incomplete  ischemia  re¬ 
sulting  in  deep  tissue  acidosis.16  Fur¬ 
thermore,  mitochondrial  Ca2-  se¬ 
questering  capacity  is  dependent  on 
the  energy  requiring  chemiosmotic 
gradient  of  H  *  across  the  mitochon¬ 
drial  memhrane,  and  may  therefore  be 
disturbed  by  an  alteration  of  the  intra¬ 
cellular  pH  homeostasis.26  Resyn¬ 
thesis  of  ATP  to  restore  energy  bal¬ 
ance  after  ischemia  requires  NADH 
for  reoxidation  by  the  electron  trans¬ 
port  chain.  Welsh  and  associates2'2 
have  shown  that  the  size  of  the  total 
NA  pool  (NADH  +  NAD  *  I  may  de¬ 
crease  significantly  during  ischemia, 
and  suggested  that  this  may  limit  ATP 
regeneration.  Because  tissue  lactic 
acidosis  in  their  model  is  excessive 
(with  tissue  lactate  concentrations  ap¬ 
proaching  40  pmol/g  I  it  was  sug¬ 
gested  that  the  decrease  in  NAD  pool 
size  was  at  least  partly  due  to  an  acid- 
catalyzed  destruction  of  NADH'"  ac¬ 
celerated  by  acidosis. 

Postischemic  CBF  Disturbances 

Restoration  of  an  adequate  blood 
supply  and  tissue  oxygenation  is  a  pre¬ 
requisite  for  neurologic  recovery  after 
ischemia-hypoxia.  Although  a  pri¬ 
marily  deficient  recirculation  (no- 
reflowl  may  hamper  recovery, 11  the 
postischemic  cerebral  blood  flow  usu¬ 
ally  is  characterized  by  initial  hyper¬ 
emia  followed  hv  secondary  hypoper¬ 
fusion.'-’  Severe,  delayed  hypoperfu¬ 
sion  may  induce  a  new  ischemic 
situation  with  aggravation  of  tissue 
damage.  Ischemic  tissue  acidosis  may 
influence  the  postischemic  circulation 
in  several  ways.  From  experimental 
data  it  seems  clear  that  a  late  deterio¬ 
ration  of  cerebral  blood  flow  is  more 
intense  it  the  preceding  ischemia  is 
complicated  by  excessive  tissue  acid¬ 
osis."  This  observation  mav  be  ex¬ 
plained  by  progressive  endothelial 
swelling  with  a  decrease  ol  capillary 
luminal  diameter."  Ischemia  leads  to 
an  increase  in  tissue  content  ol  tree 
fatty  acids,  notably  of  free  arachidomv 
acid,  which  is  rapidly  metabolized  to 
prostaglandins  in  the  early  recircula¬ 
tion  phase.*'  *6  Because  prostacyclinc, 
the  maior  vasodilator  and  platelet 
antiaggregatory  prostaglandin,  is  ex 
trcmclv  labile  at  an  acid  pH,'  it  mav 
he  that  acidosis  disturbs  the  balance 
between  vasoactive  prostaglandins 
with  resulting  predominance  of  vas 
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oconstrictor  effects  in  the  postis¬ 
chemic  phase. 

It  should  be  noted  that  tissue  acid¬ 
osis  continues  for  some  time  after  res¬ 
toration  of  perfusion  but  is  then  suc¬ 
ceeded  by  alkalosis,  the  degree  of 
which  may  depend  on  the  degree  of 
the  preceding  acid  load"  |compare  ref¬ 
erence  251.  A  possible  explanation  of 
this  alkalotic  shift  is  reoxidation  of  ac¬ 
cumulated  acid  equivalents  together 
with  active  H  •  efflux.  Interestingly 
these  pH  shifts  coincide  with  hyper¬ 
emia  and  hypoperfusion  in  the 
postischemic  phase,  but  the  exact  re¬ 
lationship,  it  any,  is  obscure. 

Free  Radical  Mechanisms 

Although  their  role  is  not  vet  clear, 
free  radical  mechanisms  causing  lipid 
peroxidation  and  thereby  aggravating 
cell  damage  in  ischemia  followed  by 
reoxygenation  also  should  be  consid¬ 
ered.  It  is  generally  believed  that 
pathologic  tree  radical  mechanisms  in 
biological  systems  are  initiated  hv  In 
droxyl  radicals  (OH*1  formed  from  su 
peroxide  (O,  I  and  hydrogen  peroxide 
|H,Od  m  the  Haber-Wciss  reaction 
catalyzed  hv  tree  iron.'"  Studies  on 
brain  homogenates  incubated  with 
oxygen  have  shown  th.it  the  rate  ol 
peroxidation  depends  on  the  tree  non 
concentration, 111  however  the  tissue 
iron  is  normally  bound  to  hemopio 
terns,  ferritin  and  transleriin  and  is 
therefore  not  available  lot  participa¬ 
tion  as  a  catalyst  in  these  reactions 
Because  lipid  peroxidation  , at  least  in 
vitro'  is  enhanced  by  a  icduction  m 
pH,  an  eftecl  that  mav  be  due  to 
deeompartmentalization  ot  non1  1 
acidosis  m  vivo  mav  eonliihutc  to  pet 
oxidative  damage 

Tissue  Edema 

In  animals  with  a  high  degtcc  ot  lac¬ 
tic  acidosis  during  ischemia  the  histo¬ 
pathologic  features  ot  postischemic 
brain  daniago  include  pionuneru  cell 
edema,  notably  with  swelling  ot  astro¬ 
cytes  '  Because  an  incie.ise  m  brain 
lactate  concentration  to  21)  qmol  g 
yvould  cause  a  6",.  increase  in  os 
molality  the  osmotic  effect  ot  accu¬ 
mulated  lactate  mav  have  some  influ¬ 
ence  on  cell  volume  Siesio1*  recently 
lias  proposed  another  mechanism  by 
ys Inc li  the  increase  m  intiacellul.il  H 
concentration  may  be  tile  triggering 
factor  leading  to  edema  formation  Ac 
col  ding  to  this  hypothesis  H  ions 
an  pumped  out  ot  the  cell  ill  ex 
cli.  age  lor  Na  1  .  the  late  ot  ion  ex 
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change  being  proportional  to  H  '  . 
Thus  intracellular  acidosis  would 
enhance  influx  of  Na  * .  The  conse¬ 
quent  increase  in  extracellular  H  ' 
concentration  will  cause  a  tall  m  in¬ 
terstitial  HCO,  by  conversion  to 
CO,.  CO,  is  removed  by  the  restored 
blood  flow,  but  the  reduced  extra¬ 
cellular  HCO,  will  trigger  an  ettlux 
ot  intracellular  HCO,  in  exchange  tor 
Cl  (Figure  II.  These  ionic  shifts 
would  increase  net  transport  ot  both 
Na  ’  and  Cl  into  the  cell,  along  with 
water,  causing  an  increase  ot  the  ultra 
cellular  fluid  volume  and  cell  swell¬ 
ing. 

CLINICAL  IMPLICATIONS 

Two  retrospective  clinical  studies 
lend  support  to  the  idea  that  ischemic 
tissue  acidosis  has  clinical  signifi¬ 
cance  Poor  neurologic  recover!  m  pa¬ 
tients  lesusc itated  attei  ont  o!  Iiospi 
tal  cardiac  arrest  was  lound  to  he 
associated  with  a  high  blood  glucose 
level  on  admission  * 1  A  similar  study 
on  the  outcome  after  ischemic  sttoke 
showed  inucascd  morbidity  and  moi 
t  ilit\  in  diabetic  patients  with  In  per 
glvcemia  at  admission  1  l  hese  calls 
clinical  observations  arc  not  lulls  con 
ciii'isc  and  turthei  clinical  studies 
au  needed  Nevertheless  the  expcri 
mental  data  sn.  have  levieweil  strong 
Is  suggest  that  therapeutic  measures 
to  present  or  umcl, orate  tissue  acid 
■sis  m  clinical  eases  ssith  a  critically 
reduced  cerebral  peitusion  pressure 
rnighl  he  useful  Some  possibilities  tot 
therapeutic  intervention  are  discussed 
he  1 1 >s\ 

I  he  dcsclopment  ot  brain  tissue 
lactic  acidosis  m  ischemia  depends  on 
sc  se  rai  tactors  tile  most  important  ot 
which  are  the  following  )'  the  rate  ot 
the  residual  blood  tlosc.  2'  the  isehe- 
tine  tittle  period  P  the  blood  glucose 
concentration  and  4>  the  glycolytic 
rate  At  least  the  last  two  variables  arc 
therapeutically  accessible  Thus  it  is 
suggested  that  measures  should  be¬ 
taken  to  present  hvperglvcenua  from 
occurring,  eg,  by  avoiding  an  increase 
in  blood  glucose  by  svmpato-adrenal 
activation  related  to  stress,  by  avoid¬ 
ing  infusions  with  solutions  contain¬ 
ing  an  unnecessarily  high  concentra¬ 
tion  ot  glucose,  and  possibly  by 
insulin  treatment  Because  an  increase 
in  PCI),  not  only  tends  to  decrease 
pH  but  also  causes  an  increased  brain 
glucose  blood  glucose  ratio,'  hyper¬ 
capnia  should  be  avoided 

A  second  possibility  may  be  to 


decrease  lactate  production  bs  inhibi¬ 
tion  ot  glycolytic  rate.  Phis  can  he 
achieved  by  barbiturate  treatment  *'■  or 
by  hypothermia  1  ’  Certainly  such 
therapy  does  not  prevent  lactic  acid 
osis  during  ischemia,  hut  at  least  it 
will  delay  the  time  period  tor  lactic 
acid  concentration  to  reach  critical 
levels  The  etteetisvness  ot  such  tiler 
apy  in  clinical  cardiac  arrest,  quite 
naturally,  is  limited  hv  the  practical 
restriction  to  postrvsucc nation  ap¬ 
plication  alter  the  maximal  ischemic 
insult  and  lactic  acid  accumulation 
has  occurred 

The  third  possibility  to  he  discussed 
remains  hypothetical  and  concerns 
measures  tor  increasing  tile  butter  c.i 
pa  cits  ot  the  brain  Because  butler 
anions  .such  as  HCO,  and  Iris'  pene¬ 
trate  the  blood  brain  barrier  mils  at 
sers  slow  rates  administration  ot 
such  butlers  through  the  blood  seems 
to  be  quite  mctticient  Intrathecal  ad 
ministration  ot  base  therein  bypass¬ 
ing  the  blood  brain  barrier  could  at 
least  theoretically  ameliorate  an  acid 
load  but  it  involves  a  rt~k  tor  overcor 
red  ion  in  the  rcoxvgcnation  phase" 

I  bis  could  result  in  a  severe  brain  al¬ 
kalosis  the  pathophysiologic  influ¬ 
ence  ot  which  see  know  little  In  addi¬ 
tion  this  administration  toute  may 
imply  that  only  cells  in  close  prox¬ 
imity  to  CXF  are  altected  Although  a 
pharmacologre  approach  to  increase 
intracellular  butter  capacity  seems  to 
be  attlietcd  with  many  obstacles,  it 
still  mas  be  an  important  method  ot 
future  treatment  Thus  a  further 
search  tor  suitable  ways  to  increase 
the  mtraccHul.tr  butter  capacity  ot  the 
brain  is  in  order. 
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r  j  (bretylium  tosylate) 

Lwhen  you  give  enough, 
won  enough,  long  enough. 


Give  enough  Bretylol  is  most  often  successful  at  higher 
doses.  One  clinical  study  found  that  300  to  600  mg  were 
generally  required  in  VF.1  In  fact,  failure  can  usually  be 
related  to  an  inadequate  dose.1  In  VF,  Bretylol  should 
be  administered  5  mg/kg  by  rapid  IV  bolus,  and  then 
10  mg/kg  repeated  as  necessary. 

Soon  enough  Bretylol  is  most  successful  when  started 
early.  Early  administration,  within  15  minutes  or  less,  has 
been  associated  with  increased  survival  in  countershock- 
resistant  VF  patients.2  Unlike  lidocaine  and  procainamide, 
Bretylol  significantly  increases  the  VF  threshold  and 
decreases  the  defibrillation  threshold  34  So  it  is  a  logical 
first  choice  for  use  after  electric  countershock,  epinephrine, 
and  sodium  bicarbonate. 


Long  enough  Bretylol  can  most  successfully  prevent  VF  in 
post-MI  patients  when  treatment  is  maintained.  In  two  stud¬ 
ies,  VF  was  prevented  in  nearly  all  patients  who  received 
maintenance  doses  of  Bretylol  following  Ml.1 3  In  patients  at 
risk  of  ventricular  fibrillation,  Bretylol  should  be  given  by 
continuous  IV  drip  at  a  dosage  of  1-2  mg/min.  Some 
degree  of  hypotension  is  present  in  approximately  50%  of 
the  patients  treated  and  is  usually  controlled  with  fluid 
replacement  alone. 


For  additional  information,  contact  the  Medical  Services 
Department,  American  Critical  Care,  1600  Waukegan  Road, 
McGaw  Park,  IL  60085  Phone  1-800-323-4980 


References:  1.  Day  HW.  Bacaner  M  Use  of  bretylium  tosylate  in  me 
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MOtCATKNtt  —  BRETYLOL  is  indicated  in  the  prophylaxis  and  therapy  ot 
ventricular  tibnttatioft 

EWE TYLOL  is  also  irufrcated  in  the  treatment  ot  lile-threatening  ventricular 
arrhythmias  such  as  ventricular  tachycardia,  that  have  tailed  to  respond  to 
adequate  doses  ot  a  first-line  antiarrhythmic  agent,  such  as  hdocame 

Us#  ot  BRETYLOL  should  be  limited  to  intensive  care  units  coronary  care 
units  or  other  facilities  where  equipment  and  personnel  lor  constant  monitor¬ 
ing  ot  cardiac  arrhythmias  and  blood  pressure  are  available 

Following  injection  ot  BRETYLOL  there  may  be  a  delay  ot  20  minutes  to  2 
hours  m  the  onset  of  antiarrhythmic  action  although  ii  appears  to  act  within 
minutes  m  ventricular  fibrillation  The  delay  m  effect  appears  to  be  longer 
after  intramuscular  than  after  intravenous  infection 
CONTRAMOICATtOKS  -  There  are  no  contraindications  to  use  m  treatment 
ol  ventricular  fibrillation  or  life -threatening  refractory  ventricular  arrhythmias 
WARNING*— 1  Hypete—i— :  Administration  ol  BRETYLOL  regularly  results 
in  poslura)  hypotension  subiectivety  recognised  by  dimness,  iight-headed- 
ness.  vertigo  or  faintness  Some  degree  ol  hypotension  is  present  in  about 
50%  ol  patients  while  they  are  supine  Hypotension  may  occur  at  doses 
lower  than  those  needed  to  suppress  arrhythmias 


Patients  should  be  kept  m  the  supine  position  until  tolerance  to  the 
hypotensive  effect  ot  BRETYLOL  develops  Tolerance  occurs  unpredict- 
abiy  but  may  be  present  after  several  days 


Hypotension  with  supine  systolic  pressure  greater  than  75  mm  Hg  need 
not  be  treated  unless  there  are  associated  symptoms  If  supine  sysloiic 
pressure  falls  below  75  mm  Hg.  an  infusion  ol  dopamine  or  norepinephrine 
may  be  used  to  raise  blood  pressure  When  catecholamines  v*  adminis¬ 
tered.  a  dilute  solution  should  be  employed  and  blood  pressure  monitored 
closely  because  the  pressor  effects  ot  the  catecholamines  are  enhanced  by 
BRETYLOL  Volume  expansion  with  blood  or  plasma  and  correction  of  dehy¬ 
dration  should  be  carried  out  where  appropriate 

2  Transit  at  Hyptrtawalon  a  ad  lacraasad  Frequency  of  Arrhythmia*  Due 
to  the  initial  release  ot  norepinephrine  from  adrenergic  postganglionic  nerve 
terminals  by  BRETYLOL.  transient  hypertension  or  increased  frequency  of 
premature  ventricular  contractions  and  other  arrhythmias  may  occur  m  some 
patients 

3  Cawtiaa  Daring  Usa  with  Digitalis  Glycosides  The  initial  release  ot  nor- 
epmephnne  caused  by  BRETYLOL  may  aggravate  digitalis  toxicity  When  a 
iite  threatening  cardiac  arrhythmia  occurs  m  a  digitalized  patient.  BRETYLOL 
should  be  used  only  it  the  etiology  of  the  arrhythmia  does  not  appear  to  be 
digitalis  toxicity  and  other  antiarrhythmic  drugs  are  not  effective  Simultane¬ 
ous  initiation  ot  therapy  with  digitalis  glycosides  and  BRETYLOL  (bretylium 
tosylate)  should  be  avoided 

4.  Pet lets  art*  Find  Cardiac  Output  in  patients  with  fixed  cardiac  output 
ii  e  severe  aortic  stenosis  or  severe  pulmonary  hypertension)  8RETYL0L 
should  be  avoided  since  severe  hypotension  may  result  from  a  tall  m  periph¬ 
eral  resistance  without  a  compensatory  increase  m  cardiac  output  It  survival 
is  threatened  by  the  arrhythmia  BRETYLOL  may  be  used  but  vasoconstrictive 
catecholamines  should  be  given  promptly  if  severe  hypotension  occurs 
USf  IN  PREGNANCY  -The  safety  ol  BRETYLOL  in  human  pregnancy  has  not 
been  established  However,  as  the  drug  is  intended  for  use  only  in  life- 
threatening  situations  it  may  be  used  in  pregnant  women  when  its  benefits 
outweigh  the  potential  nsfc  to  the  fetus 

USE  IN  CMLOREN  The  safety  and  efficacy  of  this  drug  in  children  have  not 
been  established  BRETYLOL  has  been  administered  to  a  limited  number  of 
pediatric  patients  but  such  use  has  been  inadequate  to  define  fully  proper 
dosage  and  limitations  tor  use 

PRECAUTIONS— V  DlhftiM  far  latravaaaas  Um  BRET  viol  should  be 
diluted  (one  part  BRETYLOL  with  tour  parts  ot  Dextrose  Iniechon  USP  or 
Sodium  Chloride  Iniection  USP)  prior  to  intravenous  use  Rapid  intravenous 
administration  may  u.use  severe  nausea  and  vomiting  Therefore  the  diluted 
solution  should  be  infused  over  a  period  greater  than  8  minutes  In  treating 
existing  ventricular  fibrillation  BRETYLOL  should  be  given  as  rapidly  as  pos¬ 
sible  and  may  be  given  without  dilution 

2.  Um  Variaas  Mat  far  latrimMcalir  hRatftan  When  injected  intramus¬ 
cularly  not  more  than  5  mi  should  be  given  in  a  site  and  motion  sites 
should  be  varied  since  repeated  intramuscular  injection  mto  ihe  same  site 
may  cause  atrophy  and  necrosis  of  muscle  tissue  fibrosis  vascular  degen¬ 
eration  and  inflammatory  changes 

3  Redact  Daiaga  la  Impaired  Raaai  Fuacttaa  Since  BRE  TYLOL  is  excreted 
principally  via  the  kidney  the  dosage  interval  should  be  increased  in  patients 
with  impaired  renal  function 

ADVERSE  REACTIONS  Hypotension  and  postural  hypotension  have  been  the 
most  trequentfy  reported  adverse  reactions  (see  Warnings  section  I  Nausea 
and  vomiting  occurred  m  about  three  percent  ot  patients  primarily  when 
BRETYLOL  was  administered  rapidly  by  the  intravenous  route  (see  Precau¬ 
tions  section)  Vertigo  dimness  ught  headedness  and  syncope  which 
sometimes  accompanied  postural  hypotension  were  reported  m  about  7 
patients  -n  1000 

Bradycardia  increased  frequency  of  premature  ventricular  contractions 
transitory  hypertension  initial  increase  m  arrhythmias  (see  Warnings  sec 
non  I  precipitation  of  anginal  attacks  and  sensation  ot  substernal  pressure 
nave  Uso  been  reported  m  a  small  number  of  patients  i  e  approximately  1 
2  patients  m  1000 

Renat  dysfunction  diarrhea  abdominal  pam  hiccups  erythematous  mac 
uiar  rash  flushing  hyperthermia  contusion  paranoid  psychosis  emoi'ooal 
lability  lethargy  generalized  tenderness  anxiety  shortness  ol  breath  dia¬ 
phoresis  nasal  stuffiness  and  mild  conjunctivitis  have  been  reported  >n  about 
1  patient  m  1000  The  relationship  ol  BRETYLOL  administration  to  these 
reactions  has  not  been  ciearty  established 

HOW  SUPPLIED  NDC  0094  0012  10  10  ml  ampul  containing  500  mg  bre- 
tyiium  tosytafe  m  Water  tor  injection  USP  pH  adjusted  when  necessary, 
with  dilute  hydrochloric  ac«J  or  sodium  hydroxide  Sterile  non-pyrogenic 
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Role  of  Iron  Ions  in  the  Genesis  of 
Re  perfusion  Injury  Following  Successful 
Cardiopulmonary  Resuscitation:  Preliminary 
Data  and  a  Biochemical  Hypothesis 


Presented  is  a  rationale  for  use  of  a  new  class  of  drugs,  the  iron  chelating 
agents,  in  advanced  cardiac  life  support  (ACLS)  to  prevent  late  deaths  and 
brain  damage  following  successful  cardiopulmonary  resuscitation.  The  rele¬ 
vant  biochemical  hypothesis  states  that  free  iron  ions,  liberated  from  bound 
intracellular  stores  during  ischemia,  catalyze  initiation  of  free  radical  medi¬ 
ated  reactions  that  propagate  through  membrane  lipids  and  proteins.  Pro¬ 
gressive  ultrastructural  damage  may  result,  ultimately  causing  deterioration 
of  function  and  death.  Chelation  of  intracellular  iron  by  deferoxamine,  a 
commercially  available  drug  that  distributes  to  the  intracellular  space  and 
has  a  great  affinity  for  iron  ions,  may  prevent  such  reactions.  A  hypothesis 
concerning  relevant  pathological  chemistry  is  developed  in  detail.  / Babbs 
CF:  Role  of  iron  in  the  genesis  of  reperfusion  injury  following  successful 
cardiopulmonary  resuscitation:  Preliminary  data  and  a  biochemical  hy¬ 
pothesis.  Ann  Emerg  Med  August  1985;14:777-783.! 

Introduction 

During  the  past  few  years,  evidence  for  a  remarkable  concept  about  the 
pathophysiology  of  cardiac  arrest  and  resuscitation  has  begun  to  accumulate, 
namely,  that  significant  tissue  damage  resulting  from  cardiac  arrest  and  re¬ 
suscitation  occurs  not  only  during  the  period  of  circulatory  arrest,  but  also 
during  the  period  of  reperfusion  —  ie,  during  the  first  hours  after  successful 
CPR  and  restoration  of  spontaneous  circulation.12  Indeed,  a  relatively  large 
proportion  of  the  total  injury  seen  after  5-  to  15-minute  periods  of  circulatory 
arrest  may  actually  develop  during  the  reperfusion  phase. 

Several  factors  now  are  thought  to  contribute  to  continuing  tissue  injury 
after  reperfusion.  These  include  the  no-reflow  phenomenon  of  Ames,  *  in 
which  cerebral  vascular  resistance  nses  during  reperfusion  after  ischemic- 
anoxia,  thereby  selectively  decreasing  perfusion  to  areas  of  the  brain;  con¬ 
tinued  calcium  influx  through  cell  membranes  damaged  during  ischemic- 
anoxia,  leading  to  intracellular  calcium  intoxication  during  reperfusion  in 
brain  and  heart;-*  and  production  of  oxidative  free  radicals  causing  pro¬ 
gressive  lipid  peroxidation  in  cell  membrane  systems,  leading  to  cellular  dys¬ 
function,  especially  in  the  lipid-rich  brain.1-2  7  K 

If  irreversible  damage  to  the  brain  and  other  organs  by  such  mechanisms 
does  occur  during  the  period  of  reperfusion,  rather  than  during  the  period  of 
ischemia-anoxia,  then  the  corresponding  pathophysiologic  entity,  reperfusion 
iniury,  may  be  treatable  as  part  of  advanced  cardiac  life  support  (ACLS!  pro¬ 
tocols.  Clinical  studies  have  shown  that  significant  central  nervous  system 
damage  is  involved  in  as  many  as  59%  of  inhospital  deaths  following  suc¬ 
cessful  cardiac  resuscitation. y  Severe  cardiac  dysfunction  is  reported  in  51% 
of  resuscitated  patients. 111  To  the  extent  that  such  damage  is  generated  dur¬ 
ing  the  reperfusion  period,  it  is,  in  principle,  preventable  by  appropriate  treat¬ 
ment,  either  as  part  of  ACLS  protocols  or  as  part  of  postresuscitation  inten¬ 
sive  care. 

Very  recently,  two  independent,  preliminary  experiments  in  our  laboratory- 
have  shown  a  doubling  of  the  probability  of  long-term  survival  of  intact  ani¬ 
mals  given  the  iron  chelator  deferoxamine  (50  mg/kgl  after  six  to  tei  min¬ 
utes  of  total  circulatory  arrest  and  CPR  (Table!. 11  In  these  preliminary 
studies,  cardiac  arrest  was  induced  by  iniection  of  cold  1%  KC1  into  the  left 
ventricles  o;  ketamine-anesthetized  rats  pretreated  with  succinylchohne  and 
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Fig.  1.  Hypothetical  biochemical  path¬ 
ways  for  generation  of  hvilroxvl  I  HO') 
radicals  during  reperfusion  following 
cardiac  arrest,  illustrating  the  crucial 
role  of  iron  tFe).  Elimination  of  super 
oxide  radicals  bv  the  action  of  super¬ 
oxide  dismutase  (SOD)  and  catalase 
teat  I  normally  predominates.  When 
Of  radicals  are  produced  in  abun¬ 
dance  during  reperfusion,  some  are 
shunted  via  the  iron  dependent  path¬ 
way  (Haber- Weiss  reaction),  generat¬ 
ing  more  of  the  chemically  damaging 
hydroxyl  radicals.  The  dot  associated 
with  the  Fe  +  +  symbol  emphasizes 
its  radical-like  nature. 


positive  pressure  ventilation.  Ventila¬ 
tion  was  discontinued  at  the  initiation 
of  cardiac  arrest.  CPR  was  begun  after 
seven  minutes,  and  animals  having  re¬ 
turn  of  spontaneous  circulation  were 
entered  into  the  study.  Drug  treatment 
was  given  to  animals  in  the  experi¬ 
mental  group,  and  included  was  the 
iron  chelator  deferoxamine  (50  mg/kg 
IV),  miected  within  five  minutes  after 
cardiac  resuscitation. 

The  results  showed  a  1(X)%  increase 
m  survival  of  deferoxamine-treated 
rats  compared  to  control  rats  (/’  • 
(K)5|.  After  15  days,  there  was  no  de¬ 
tectable  neurologic  deficit  among  sur 
vivors  m  either  the  control  or  the 
treated  group  Deferoxamine  thus  dou¬ 
bled  the  probability  of  long-term, 
neurologically  intact  survival  Since 
the  development  of  modern  CPR 
methods  in  the  1960s,  the  only  inter¬ 
ventions  shown  to  produce  compara¬ 
ble  improvement  in  long  term  sur 
vival  in  any  animal  model  or  in  man 
have  been  the  use  ot  adrenergic  drugs, 
such  as  epinephrine,1 '  11  and  the  use 
ot  early  electrical  del ibrillatioo  in 
cases  ot  ventricular  fibrillation  1  •  1 

Because  deferoxamine  is  admin 
istered  after  return  ot  spontaneous  cir 
culation,  the  results  are  consistent 
with  the  hypothesis  that  a  substantial 
amount  ot  preventable  tissue  damage- 
leading  to  death  is  occurring  in  con 
trol  animals  during  the  repertusmn 
phase  These  encouraging  results  led 
us  to  formulate  a  detailed  biochemical 
hypothesis  to  describe  potential  iron 
mediated  lipid  peroxidation  and  re 
lated  reactions  in  vivo  during  tissue 
ischemia  and  subsequent  repertusmn. 
Presented  is  the  specific  mechanisms 
ot  this  working  hypothesis  ot  iron  me¬ 
diated  tissue  iniury  during  repertu- 
sum,  and  review  evidence  from  the  lit 
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TABLE,  li’n  tla\  survival  m  nits  tallowing  experimental 
Ctirdmrcspiriitnrv  arrest  and  CI’R 


Hi  -sponso 
AilvO 
1)0.11 1 


Controls 
14  (31%) 
31  (69%) 


Treated 


28  (62%) 
17  (38%) 


eraturc  in  support  ot  the  hypothesis 


Biochemical  Hypothesis 

The  general  teatuies  ot  om  working 
hypothesis  are  as  follows  |!  superox 
ide  radicals  ((),-  I  are  produced  in  ex 
cess  during  tl  repertusmn  phase  due 


to  the  abundance  ot  reducing  equiv¬ 
alents  such  as  NADI’H,  the  action  of 
xanthine  oxidase  and  NADPH- 
evtochtome  I' 450  reductase,  the  sud¬ 
den  reappearance  ot  molecular  oxy¬ 
gen  and  other  (actors.  21  during  the 
period  immediately  after  repertusmn. 


Anna's  of  Emergency  Medicine 


IF 


m 


& 
s',  v 

> 

AV 


•3 


L  r  j, 
& 


X’  v’ 


*  V  t 
. 


>  v  71 
& 


M 


A 


Ay4V> 


to\  *«  .  W ‘ 


\-v>Vv| 


7^1 

- 1 


M 


v-  ‘'v'-iv'l 


I 


i 

8 


I 

>5 


;§] 


v4* 


C  ,  C-C 

c  C-C 

/  :  / 

/  ■-  / 

o 

o 

o 

li 

II 

o 

1 

C  C  .C-C- 

/ 

0-0- 

0-0 

2A 

c-o-o- 


c-o-o~<p-c- 


superoxide  dismutase,  together  with 
catalase  and  other  systems  that  nor¬ 
mally  destroy  superoxide  ions,  are 
overwhelmed;  the  concentration  of 
superoxide  radicals  rises  sharply,  and 
some  are  converted  to  highly  delete¬ 
rious  hydroxyl  radicals  (HO)  hy  iron- 
catalyzed  reactions,  2)  hydroxyl  radi¬ 
cals  attack  protein  and  lipid  compo¬ 
nents  of  the  cell,  causing  widespread 
chain  reactions  that  alter  molecular 
architecture;  and  4’  in  some  cases, 
these  reactions  may  result  in  libera¬ 
tion  of  more  free  iron  ions  from  fer¬ 
ritin  molecules  as  well  as  damage  to 
lysosomal  membranes,  leading  to  ac¬ 
celeration  of  the  process. 

We  surmise  that  chelation  of  intra¬ 
cellular  tree  iron  by  deferoxamine 
block'*  steps  2  through  4  in  this  se¬ 
quence,  leading  to  reduced  tissue 
damage  during  repertusion.  The  spe¬ 
cific  steps  ot  this  proposed  patholog¬ 
ical  chemistry  are  presented  in  order 
to  show  how  iron  dependent  chain  re 
actions,  involving  common  intra¬ 
cellular  species,  might  lead  to  pro 
gressive  cellular  miurv  following 
initially  successful  resuscitation 

Initiation:  Creation  of  Free 
Radical  Species 

free  radicals  are  molecules  that 
contain  an  unpaired  electron  (repre¬ 


sented  here  by  the  symbol  •  |.  If  a  radi¬ 
cal  reacts  with  a  nonradical  molecule, 
then  another  free  radical  must  be  pro¬ 
duced.  This  characteristic  enables  free 
radicals  to  participate  in  chain  reac¬ 
tions  that  may  be  tens  to  thousands  of 
events  long.1  IK 

In  postischemic  tissues,  in  which 
reducing  equivalents  have  accumulat¬ 
ed  during  ischemia  and  in  which  oxy¬ 
gen  becomes  abundant  during  repertu¬ 
sion,  superoxide  radicals  may  form  as 
follows,  in  the  presence  ot  reduced  fla- 
voprotein,  catalyzed  hy  the  enzyme 
NADPH-cytochroine  I’- 4 SO  reduc¬ 
tase:  IH 

2  (),  *  NADPH  —  NADP-  <  H  • 

i  2  (),- 

Another  source  ot  (),-  radicals  in 
postischemic  tissue  is  the  action  of 
xanthine  oxidase  on  xanthine,  which 
accumulates  during  ischemia.  The 
sudden  flush  of  oxygen  during  reperfu¬ 
sion,  especially  it  O,  therapy  is  given, 
drives  these  reactions  to  generate  a 
hurst  ot  O,-  radicals  that  exceeds  the 
capacity  ot  physiological  defense  sys¬ 
tems,  such  as  superoxide  dismutasc, 
to  remove  them. 

Once  O,-  radicals  appe.ir  in  exces¬ 
sive  concentration,  the  generation  ot 
the  very  reactive  hvdroxvl  radical  HO- 
mac  occur  hy  the  superoxide  driven. 
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Fig.  2.  In  the  presence  of  double 
bonds  in  tatty  acid  chains,  interesting 
cyclization  reactions  leg,  A)  and 
cross-bridging  reactions  leg.  Hi  are 
possible. 


iron-catalyzed  Haber-Weiss  reac¬ 
tion:7  IK-2n 

O,-  +  Fe .  —  02  +  Fe  *  * 

2  0, 7  +  2H,  H,0,  +  O, 

H  -  +  Fe  -  -  +  H  ,0 ,  HO'  + 
fc*  i  i  +  HjO 

Ferritin,  cytochromes  in  mitochon¬ 
dria,  and  other  iron-containing 
enzymes  provide  intracellular  stores 
of  iron  that  may  liberate  sufficient 
free  ionic  iron  for  catalysis.  Moreover, 
in  newly  reperfused  tissues,  there  is  a 
relative  abundance  of  H  +  ions,  due  to 
lactic  acidosis  and  hypercarbia  (Figure 
1).  The  Haber-Weiss  reaction  is  partic¬ 
ularly  interesting,  given  the  protective 
effect  that  we  found  following  ische¬ 
mia  and  reperfusion  of  the  iron 
chelator  deferoxamine. 

Propagation 

The  next  step  in  the  proposed  path¬ 
ogenic  mechanism  for  reperfusion  in- 
tury  is  the  attack  on  intracellular 
proteins  and  lipids  by  the  HO’ 
radicals.  The  highly  reactive  hydroxyl 
radicals  can  attack  membranes  of  di¬ 
verse  organelles.  Reactions  with  water 
itself  do  not  consume  HO"  because 
the  HQ-  species  is  regenerated: 

HO'  *  HOH  —  HOH  +  ’OH 

Hydroxyl  radicals  can  modify  proteins 
and  other  organic  molecules  in  several 
ways  For  example,  the  encounter  of 
HO"  radicals  with  the  hydrophobic 
portions  of  membrane  lipids  (es¬ 
pecially  at  sites  of  double  bonds)-1 
may  generate  lipid  radicals: 

HO’  t  LH  —  HOH  +  f 

Once  formed,  these  lipid  radicals  can 
propagate  through  the  membrane  in 
what  one  might  imagine  is  a  wave¬ 
like  fashion,  from  tail  to  tail  of  adja- 
ccnt  lipid  molecules  in  the  mem¬ 
brane: 

L"  i  LH  —  LH  +  L- 
Then,  in  the  presence  of  oxygen, 

L'  *  O,  —  LOO'  and 
LOO"  i  LH  —  LOOH  t  L' 

a  self  propagating  sequence  for  lipid 
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Fig.  3.  A  conceptual  model  for  the  role 
of  iron  in  the  pathogenesis  of  postre¬ 
suscitation  tissue  injury.  Increased 
concentration  of  oxygen  at  beginning 
of  reperfusion  reacts  with  accumulat¬ 
ed  NADH.  NADPH.  and  xanthine  to 
produce  an  abnormal  peak  in  the  pop¬ 
ulation  of  superoxide  ions,  which 
temporarily  overwhelms  normal  path¬ 
way  (via  SOD  and  catalase)  for  their 
removal.  Superoxide  ions  are  convert¬ 
ed  to  hydroxyl  radicals  via  iron-de- 
pendent  pathways.  Normal  mecha¬ 
nisms  that  scavenge  free  radicals  are 
overwhelmed  by  the  sudden  burst  of 
HO'  radicals.  The  hydroxyl  radicals 
modify  numerous  biological  com¬ 
pounds  via  radical  chain  reactions. 


peroxidation. 

Many  other  variations  of  this  theme 
are  possible;  for  example,  carboxyla- 
tion  of  membrane  lipids  may  occur: 

HO'  +  LH  — *  HOH  +  V 
V  +  CO,  —  LCOO' 

LCOO'  +  HOH  —  LCOOH  + 
HO' 

or 

L‘  +  CO,  — *  LCOO' 

LCOO’  +-  LH  LCOOH  +  L 

This  reaction  might  be  especially  im¬ 
portant  in  reperfusion  injury,  because 
CO,  is  highly  soluble  in  membrane 
lipids.  CO,  is  relatively  abundant  in 
vivo,  especially  in  hypoperfused 
tissues.  Either  carboxylation  or  perox¬ 
idation  would  place  a  hydrophilic 
group  on  interior  alkyl  chains  of 
membrane  fatty  acids,  causing  them 
to  reorient  toward  the  aqueous  phase, 
rending  a  defect  in  the  membrane. 
This  lipid  carboxylation  may  be  de¬ 
tectable  experimentally  by  radio- 
labeled  IJCO,  incorporation  into  fatty 
acids. 

In  the  presence  of  double  bonds  in 
fatty  acid  chains,  interesting  cycliza- 
tion  reactions  are  possible1”  (Figure 
2AI,  as  are  cross-bridging  reactions 
(Figure  2BI. 

By  similar  mechanisms,  membrane- 
bound  enzymes  also  can  be  attacked. 
All  of  these  reactions  are  likely  to  be 
damaging  to  cell  membrane  structure 
and  function  and,  to  the  extent  that 
they  are  common,  will  lead  to  pro¬ 
gressive  membrane  dysfunction,  loss 
of  selective  permeability,  and  degrada¬ 
tion  of  membrane-bound  enzyme  ac¬ 
tivity  Such  reactions  that  are  highly 
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destructive  to  membranes  may  be  es¬ 
pecially  significant  in  the  lipid-rich 
white  matter  of  the  brain.  Because 
secondary  radical  species  are  formed 
as  radical  chain  reactions  propagate, 
initiating  species  do  not  have  to  exist 
in  high  concentrations  to  do  substan¬ 
tial  damage  over  time. 

Termination 

Various  termination  reactions  lead 
to  stable,  nonradical  products.  These 
include: 

L‘  +  L'  — >  L-L 
LOO-  +  L'  —  L-O-O-L 
L'  +  HO  —  LOH 

Reactions  that  involve  collision  ot  two 
radicals  are  much  less  likely  to  occur 
than  propagation  reactions  involving 
radical  and  abundant,  nonradical  spe¬ 
cies.  In  biological  membranes,  termi¬ 
nation  reactions  also  include  reaction 
between  lipid  radicals  and  membrane 
constituents,  such  as  alpha-toco¬ 
pherol,  cholesterol,  and  sulthydryl 
groups  of  glutathione  and  proteins Ts 
A  summary  ot  this  theoretical 
model  for  the  role  ot  iron  in  the  patho¬ 
genesis  ot  postresuscitation  tissue  in 
lury  is  shown  (Figure  3).  A  temporary 
imbalance  in  the  kinetics  ot  superox 
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ide  ion  formation  versus  degradation 
during  reperfusion  begins  the  se¬ 
quence  of  pathological  chemistry.  The 
sudden  rise  in  production  of  superox¬ 
ide  ions  overwhelms  the  available  su- 
peroxide  dismutase  and  other  defense 
systems,  permitting  the  conversion  of 
superoxide  to  more  chemically  de¬ 
structive  hydroxyl  radicals.  In  the 
presence  of  free  intracellular  iron,  HO" 
radicals  form  at  a  much  faster  rate 
than  without  iron.  Thus  a  pool  of  HO" 
radicals  is  formed  that  produces  a 
smoldering  degradation  of  diverse  cel¬ 
lular  macromolecules.  The  deleterious 
process  can  accelerate  in  some  tissues, 
tor  radical  iniury  to  lysosomes  re¬ 
leases  hydrolytic  enzymes  and  radical 
iniury  to  ferritin  molecules  releases 
more  free  iron 

Generation  of  ()2-  Ions 

Supcroxule  can  be  formed  in  a 
number  ot  oxidation-reduction  reac¬ 
tions  in  cells  Almost  all  aerobic  or¬ 
ganisms  that  have  been  studied  have 
one  or  more  supcroxule  dismutascs •’ 
which  appear  to  have  evolved  to  pro¬ 
tect  l he  organism  from  the  toxic  ef¬ 
fects  ot  oxygen  and  supcroxule  Super- 
oxide  and  hydrogen  peroxide  are 
formed  continuously  by  the  electron 

'4  H  A  in;.  '  "IHI, 


Fig.  4.  The  ADI’  perferrvl  radical. 
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transport  chain,2*  but  mitochondria 
seem  to  be  protected  against  normal 
levels  of  these  endogenously  generated 
chemical  species. 

Several  oxidative  enzymes,  includ¬ 
ing  xanthine  oxidase,  are  known  to 
produce  superoxide  radical  as  a  nor¬ 
mal  product.24  ’51  Xanthine  oxidase, 
which  generates  Of  and  H,0,  during 
its  conversion  of  xanthine  to  urate, 
often  is  used  for  in  vitro  peroxidation 
studies  as  a  convenient  C),r  source.24 
There  is  evidence  that  xanthine  de¬ 
hydrogenase  is  converted  in  vivo  to 
xanthine  oxidase  during  ischemia,  so 
that  at  the  onset  of  reperfusion,  when 
oxygen  is  reintroduced  into  the  tissue, 
xanthine  oxidase  activity  is  especially 
high  1 

Hypoxanthine,  as  well  as  xanthine, 
can  serve  as  an  oxidizahle  purine  sub 
stiate  tor  xanthine  oxidase.’  Inter¬ 
estingly  hypoxanthine  concentrations 
in  the  cat  brain  increase  substantially 
during  prolonged  ischemia.-’'’  The  ac¬ 
tion  of  an  augmented  xanthine  ox¬ 
idase  pool  on  such  an  increased 
amount  of  hypoxanthine  during  reper- 
tusion  may  give  rise  to  enhanced  pro¬ 
duction  of  superoxide  radicals.  More¬ 
over,  because  the  overall  equation  for 
oxidative  phosphorylation  is 


NADH 

>  ■  O ,  - 


*  H  ■ 

NAD  ■ 


reducing  equivalents  NADPH  and 
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NADH  also  accumulate  during  anox¬ 
ia.  Another  major  source  of  superox¬ 
ide  in  postischemic  tissues  may  be 
partial  reduction  of  oxygen  by  these 
reducing  equivalents. 

Availability  of  Free 
Intracellular  Iron 

Iron  is  an  important,  normal  con¬ 
stituent  of  the  intracellular  environ¬ 
ment.  It  is  an  essential  cofactor  of 
many  enzymes,  including  microsomal 
cytochrome  P450,  dioxygenases, 
pteridine-linked  mono-oxygenases, 
xanthine  dehydrogenase,  superoxide 
dismutases,  catalase,  and  perox¬ 
idase.28  The  major  stores  of  intra¬ 
cellular  iron  are  found  within  the  pro¬ 
tein  ferritin,  a  hollow,  spheroidal  shell 
(molecular  weight,  440,000)  capable  of 
holding  0  to  4,5(X)  Fe  atoms  per  mole¬ 
cule.  Ferritin  has  six  "windows"  for 
exchange  of  Fe  ions,28  and  is  present 
in  virtually  all  mammalian  cells. 

Sirivech  et  al  (1974!  have  shown 
that  the  most  rapid  release  of  iron 
from  ferritin  is  observed  under  anaero¬ 
bic  conditions.-”’  This  free  iron  may 
accumulate  during  ischemia,  setting 
the  stage  for  reperfusion  injury.  The 
very  recent  work  of  Nayini  et  al  has 
demonstrated  a  three  fold  increase  in 
non  protein-bound  "low  molecular 
weight  chelate  iron"  to  0.4  pM/g  in 
brain  tissue  of  dogs  two  hours  after  re¬ 
suscitation  from  Is  minutes  of  cardiac 
arrest,  compared  to  nonischemic  con- 
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trols.*°  Moreover,  studies  in  vitro  |ust 
completed  by  Thomas  and  coworkers 
suggest  that  superoxide  can  directly 
mediate  the  reductive  release  of  iron 
from  ferritin.*1 

Crucial  Role  of  Iron 

Although  there  are  many  possible 
initiation  mechanisms  for  free-radical- 
mediated  lipid  peroxidation,  virtually 
all  that  have  been  proposed  involve 
iron.  There  is  general  agreement  that 
tissue  homogenates  from  brain,  liver, 
and  kidney  readily  undergo  peroxida¬ 
tion,  and  that  iron,  oxygen,  and  a  re¬ 
ducing  agent  such  as  NADPH  are  es¬ 
sential  ingredients  for  initiation  of 
lipid  peroxidation  in  vitro.18  211 2S  *2 
The  chemical  mechanism  most  com¬ 
monly  proposed  for  initiation  of  lipid 
peroxidation  involves  iron-catalyzed, 
Harber- Weiss  chemistry.4  18  24  2S 

Phosphates,  which  are  abundant  in- 
tracellularly,  are  important  expeditors 
of  initiation  reactions,  as  shown  by 
Tien  and  Aust,**  who  found  a  four¬ 
fold  increase  in  in  vitro  lipid  peroxida¬ 
tion  catalyzed  by  either  microsomes 
or  xanthine  oxidase  with  the  addition 
of  ADP  Moreover,  the  pH  optimum 
for  iron-phosphate-dependent  lipid 
peroxidation  in  vitro  ranges  from  7.0*4 
to  7.5, ’s  a  pH  range  likely  to  occur  in 
postischemic  tissues.  On  the  other 
hand,  deferoxamine  inhibits  iron-cata¬ 
lyzed  formation  of  hydroxyl  radicals 
from  superoxide,  and  the  ferrioxamine 
complex  |ie,  iron-deteroxamine)  is 
chemically  inert  in  in  vitro  lipid  per¬ 
oxidation.  1 

The  only  real  controversy  in  the 
biochemical  literature  on  this  subject 
concerns  whether  hydroxyl  radicals 
are  absolutely  necessary  intermedi¬ 
aries  in  the  initiation  of  lipid  perox¬ 
idation.  Aust  et  al  **  and  Sugioka  et 
al  ’’  have  studied  two  in  vitro  systems 
that  did  not  contain  phosphate  buffer 
in  which  they  were  unable  to  demon¬ 
strate  evidence  for  participation  of 
HO'  radicals  in  lipid  peroxidation.  Un¬ 
der  these  circumstances,  they  have 
proposed  that  initiation  of  lipid  perox¬ 
idation  is  mediated  by  the  "ADP-per- 
ferryl  ion,"  which  abstracts  hydrogen 
directly  from  polyunsaturated  fatty 
acids  without  the  intermediate  par¬ 
ticipation  of  water  or  HO'  (Figure  4). 

Sugioka  and  coworkers  did  find  evi¬ 
dence  of  HO’  generation  when  the  in 
vitro  reaction  was  run  in  phosphate 
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buffer,  and  the  amount  of  HO' 
detected  was  proportional  to  the 
amount  of  phosphate  over  the  range  of 
0  to  ISO  mM.'7  Because  of  the  high 
concentration  of  intracellular  phos¬ 
phates  (about  50  mM],  Haber-Weiss 
chemistry  seems  more  likely  in  vivo. 
The  Fenton  and  ADP-perferryl  ion 
mechanisms  are  not  mutually  ex¬ 
clusive  and  may,  in  fact,  operate  to¬ 
gether.  Both  depend  on  iron. 

Structural  Damage  by  Radical 
Chain  Reactions 

There  is  considerable  evidence  that 
ischemic  membrane  miury  in  liver 
and  myocardium  is  associated  with 
degradation  of  membrane  phospho¬ 
lipids,4  including  those  of  the 
lysosomal  and  mitochondrial  mem¬ 
branes.  Such  damage  would  result  in 
accelerated  deterioration  of  the  cell. 
The  radical  mechanisms  described  are 
fully  capable  of  producing  such  mem¬ 
brane  damage,  as  indicated  by  the 
classic  example  of  radiation-induced 
necrosis.  The  primary  products  of  the 
radiolysis  of  water  are  the  free  radicals 
H'  and  HO',  which  are  widely  believed 
to  play  an  important  pathogenic  role. 
Carbon- tetrachloride- induced  liver 
cell  necrosis  is  also  commonly  be¬ 
lieved  to  be  the  result  of  free  radical 
injury,  initiated  hy  the  action  of 
cytochrome  P450  on  CC1,.4 

Hillered  and  Emster’4  have  shown 
that  brain  mitochondria  exposed  to 
oxygen  radicals  in  vitro  show  an  inhi¬ 
bition  of  respiratory  activity  similar  to 
that  reported  by  other  investigators 
following  transient  cerebral  ischemia 
in  vivo.  Artman  and  coworkers,4" 
studying  an  isolated  heart  model  of 
acute  ferrous  sulfate  poisoning,  have 
shown  that  the  50%  depression  of 
function  produced  after  90  minutes  of 
exposure  to  l.K  mM  iron  is  a  conse¬ 
quence  of  tree  radical  generation.  Evi¬ 
dence  tor  the  role  of  superoxide  and 
hydroxyl  radicals  has  been  reported  re¬ 
cently  tor  postischemic  repertusion  m- 
mrv  of  the  cat  small  intestine  and 
dog  myocardium.'''4"  Thus  there  is 
reason  to  believe  that  tree  radical  reac¬ 
tion  chains  can  produce  substantial 
and  significant  damage  to  cell  struc¬ 
ture  and  function,  damage  sufficient 
to  explain  the  death  ot  the  control  rats 
m  our  preliminary  studv 

Conclusion 

The  value  of  any  hypothesis  lies  in 
its  ability  to  explain  known  phenom¬ 
ena  and  to  provide  a  basis  tor  timber 
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experiments.  The  biochemical  hy¬ 
pothesis  presented  here  accounts  for 
damage  occurring  after  reperfusion 
rather  than  during  ischemia,  and  it  ex¬ 
plains  why  such  damage  does  not  nec¬ 
essarily  occur  at  other  times.  It  also 
explains  why  a  single  bolus  dose  of 
iron  chelator  at  the  beginning  of  reper¬ 
fusion  might  be  protective  by  block¬ 
ing  the  iron-dependent  reactions  dur¬ 
ing  the  time  of  the  transient  peak  in 
superoxide  concentration.  The  nature 
of  the  reactions  described  is  consistent 
with  the  gradual,  progressive  decline 
after  initially  successful  resuscitation 
that  was  observed  in  our  animal  mod¬ 
els  and  that  has  been  pointed  out  by 
White. - 

The  hypothesis  also  suggests  several 
interesting  experiments,  such  as  the 
detection  of  lipid  carboxy lation  in 
postischemic  brain  hy  incorporation 
of  radiolabeled  carbon  dioxide.  Others 
include  therapeutic  trials  in  animal 
models  with  the  xanthine  oxidase 
inhibitor  allopurino!  to  decrease  for¬ 
mation  of  superoxide  radicals  hy 
xanthine  oxidase,  and  therapeutic  tri¬ 
als  in  animal  models  with  mannitol,  a 
hydroxyl  radical  trapping  agent.  Both 
of  these  drugs  are  clinically  available 
and  safe,  and  may  offer  a  fresh  ap¬ 
proach  for  improved  results  in  cardio¬ 
pulmonary  cerebral  resuscitation. 
Most  important,  the  hypothesis  lends 
credibility  to  further  preelinieal  re¬ 
search  with  deferoxamine  and  other 
iron  chelators,  which  promise  to 
block  the  critical  step  in  the  initiation 
of  reperfusion  miury. 


The  author  acknowledges  the  helpful 
comments  and  suggestions  made  by  Ber¬ 
nard  Axelrod,  Steven  Aust,  and  Blame 
White 
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How  well  are  you  communicating 
with  your  PATIENTS? 


Patient  compliance— how  well  patients  follow  in¬ 
structions  about  taking  prescription  drugs— is  some¬ 
thing  that  worries  health  professionals,  according  to 
a  recent  Harris  survey.  And  with  good  reason.  A 
number  of  studies  have  shown  that  a  third  to  a  half 
of  all  drugs  are  taken  improperly.  Yet  a  Chilton  sur¬ 
vey  found  that  only  2  to  4  percent  of  patients  ques¬ 
tion  their  doctors  about  drugs  prescribed  for  them. 


It's  up  to  health-care  providers  to  open  up  the 
dialogue  about  prescription  drugs.  When  you  write, 
dispense  or  check  on  a  prescription,  make  sure  your 
patient  knows: 


•  The  name  of  the  drug 

•  Its  purpose— what  conditions  does  it  treat? 

•  How  and  when  to  take  the  drug— and  when  to 
stop  taking  it 

•  What  food,  drinks  and  other  drugs  to  avoid 
while  taking  it 

•  What  side  effects  may  result— are  they  serious, 
short-term,  long-term,  etc.? 


A  message  from  the  Food  and  Drug  Administration. 


Whatever  the  cause  of  emergency  pain 
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Brief  Summary  of  Prescribing  Information 

INDICATIONS  Irir  (he  fplif!  moderate  In  severe  pain  NlifiAlN  ■  an  als- 
he  i(’,H  Im  preoperatue  analgesia  ys  ,i  .implement  In  ,u«goal  a  ties 
♦he  ,i;»  and  tm  ih-.M**1  ,yt  analgeva  duimg  labn* 

CONTRAINDICATIONS  NuM'N  .hould  not  he  administered  hr  patient*  who 

4*e  hypersensitive  In  d 

WARNINGS  Of uf  Dependence  Niihain  h,i‘.  been  .homo  to  have  a  low 

,jt>-  potential  who  I'  i  .  appNiniliale  fu  th.i'  at  pefi?a/cji  Hie  When  i  oil' 
pared  with  drug.  who  h  ,|i“  not  mued  igum-.t  .tof.tfonr.t-.  it  r..f  fit**" 
reported  that  nalbuphine  potential  tor  ahn  •♦*  would  be  less  than  fhjt  -  1 
i  odpifif  and  prupruyphene  P-  r  hotugu  a'  and  physn  at  depended*  e  an  t 
1. derail'  e  may  billow  the  ahu'.eormri  -  put  nalbuphine  Iht’iploip  •  autioi 
should  tip  observer)  K:  pre  fibinf  i*  for  emotionally  unstable  patient .  m 
tor  individual'  with  a  history  it  nab  itlu  abu'.P  'on  h  patients  should  In' 
‘  losety  suppiyi  ,♦-<)  whpi’  long  term  *heiap*  r,  .  nnfemplateil  I  are  should 
betaken  to  avoid  on  tease*  indnsageiu  Irpquptii  yot  adf’oru  dr  at 'or  who  h 
in  '.ij'if  pptrbte  individual',  might  ipmiII  -n  physn  at  dependent  **  Ahrup' 
Ji-jt  ontuiua'ion  it  Nl) H A)N  billowing  prolonged  use  has  been  li>liiw**d  by 
sympliiro'.  ot  nan  iitn  withdiawal  ie  abdominal  >  ramps  nausea  and 
vomiting  rhinnnhe.t  larfimatinn  re-.Messhess  aniiely  elevated  temper 
atiifp  and  pduenu  lion  Use  in  Ambulatory  Patients  NiiHAiN  may  impair 

(he  mental  or  phy  ir  al  abilities  required  tor  the  per  Im  main  e  -it  piifen'i.iiiy 
dangpiun  'a  k  ■.»>  f,  a  .  driving  a  i  at  or  opera' *'  t  mai  bmery  Iheretor.- 
NUBAIN  .biiotiJ  he  administered  with  i  aution  h  a  i'biilalory  patient  wh- 
should  be  warned  to  avoid  stu »'  hazard.  Use  in  Emorgency  Procedures 

Ma>  ntai"  paCerif  under  observation  unfit  tei  oyered  trorr  NUHAlN  e*h-  • 
that  wniild  all*”  '  rtfivrng  m  other  potent. ally  daMge'-u,-  'a-.k  Use  in 
Children  Minn  al  eipetieru  e  tn  siippiul  admim  tr  Vum  t*.  pafienf  .  „ndi“ 
IHyvar  I-  not  y«a>  table  *i  present  Ust  in  Pregnancy  (other  than  tabor  I 
’>  lie  1  “  id  Nl  iRAtN  if:  pregnant*  b.»  no*  fn-.-o  ••  'af-iished  An  , 
line  I  du-  T 1 VI-  til'll**  have  no?  !>•*<’. |led  'eMf.'g*-'  *-  U  y  *  • 

I  tt»*(  f  n,|lh"I  tone  .bir’ild  'inly  be,|i}|t;inr  tend*  Ipiegnari*  W-mirr  *'  • 

O'  lfli>  udgemerl  ,,f  *hi.  phy  .<  ran  the  {»  'en*  i'  benefit  .  '.’Wi-  ,  t  ’h. 

p*is  ibleba/nd  Use  During  labor  and  Delivery  NilttAiN  ;;i  , 

<>■'  fir  .it'll  i  't*\.fi 


iri|oiies  I  her  etui  e  NlJBAlN  *  (nalbuphine  HI  It  should  he  used  w  these 
i  ic  urn  slant  e,  only  when  essential  and  then  should  he  administered 

with  eiiiente  i  a  nl  nm  Interaction  With  Other  Central  Nervous  System 
Depressants  Although  NUBAlN  possesses  antagonist  ai  t'vdy 

them  i-  eyrdeiu  e  that  in  nondepernjent  patients  it  will  nut  anlagom/e  * 
nan  utii  trial ge  u  admuustmdpr.t  betore  «nt  piientty  m  just  alter  an 
■nie<  (ion  of  NIIHAIN  therefore  patients  reserving  a  naiintu  analgest* 
general  anesthetu  s  phenothia/mes  nr  other  tr.tnquili/eis  sedat'ves 
tiypnotu  s  or  other  CNS  depressants  ■  mr  ludnig  alioholi  i  unt  omdantly 
With  NUBAlN  '"ay  eihihit  an  additive  etfei  t  When  sin  t1  '  ombined  Ihet 
apy .  s  •  nidempfa'ed  the  dose  ul  one  or  hot  I'  agents  should  tie  retloied 


PRECAUTIONS  Imparted  Respiration  At  the  usual  adult  dose  id  |U  mg 
/(.  kg  NUKAlN  '  au  .es  -.nine  ie-.|.nati"y  depres  .em  approumatelv  equal 
to  that  piudiired  try  equal  rjuve*.  ut  niuiphine  However  in  >  untiast  to 
uiiir ph rim  re-.piiatofy  depfessinn  i  ,  not  appre>  i.rbly  un  leased  wilt' 
higher  d'-ses  «f  NIIHAIN  Hespu.itnr *  depre-.  .!'•».  mdtii  ed  by  NUBAlN  ar 
he  reversed  by  NAPlAN"  rnalniune  hyijn'1  hionde1  when  itidualed 

Nl iHArN  hould  he  adnimr.lered  with  i .. tmi*  at  low  . . .  In  patient- 

With  iinpaued  re  piiatuiri'eg  Irieriuther  meilii  atml'  n'e-ira  fn.Mii  hijl 
asthma  severe  niter  ti-rn  <  »atm  .> .  le-.iuiatury  Mjr'.tru>  turn-  Im 
paired  Renal  or  Hepatic  Function  H-.  .n.  e  NuHAiN  .-  eietatmii/ed  ■* 

the  It  ye*  .M'd  ei:  feted  by  'he  kid'iey*  p.ytielll  W'tt'  ien.il  or  liw«>;  I* 
r.je.  •  >iui  may  lyenei  *  *-.  .,  '  ■ ».  »■  t  a  ■  ,e-  Ifierelure  ■•■the  ■-  ^uj 

,  *1-  NllHAlN  r-iMild  be  :.-.e.t  wdt- ■  I'.t.ui  .Ii-d  .1-1*1  «•.  . 1  ■>  'edu  ••■• 

Myocardial  Infarction  A  wi»»*  |H  j»*t*-  ’  mrif**  -  Nlih.AiN 
h*  .*-d  W''l-  .  t  i'eie  in  p w<'h -"r-  f'-tn  nt  |i- li  .i- wt 

ti.iy*-  ,e  i  ■!  y<>*i->!»*j  Biliary  Tract  Surfer y  A  *•'?*  » •  >  r  *.  r 

Jlge  ,.  NlJHArN  h-  .1.1  he  >  •'.  *,'•  I,*  -.  o  l-)*:.  .  *  ft  -  •  • 


GastrointestinalOamps  dyspepsia  bitter  taste  Respiration  depres 
smn  dyspnea  asthma  DermatolOfical  H>  hmg  burning  uftn  a'-a  MlS 
cellaneous  Speei  h  drttn  ulty  urinary  uigeroy  blurted  .-  "-1  tl..-.hrng 
amt  warmth  Patients  Dependent  on  Narcotics  Patient-,  whs  f-a<*-  he*-; 
taking  nan  otir  s  <  hr  unit  ally  may  eipenern  e  withdrawal  s*'li-':>'"  up  n 
the  admiiwslraimn  id  NUBAlN "  malbuphme  Hi  I.  it  .mduiy  ''-mb'e  <me 
nan  oIm  withdrawal  symptoms  i  an  hr  i  nntmlled  by  the  .low  int*a**-tnui 
administration  of  small  im  lemenf.  ol  mnrphine  until  relud  u'  -  u'  If  tti«- 
previous  analpr’Mi  Was  morphine  meperidine  nuleme  fu  uthe*  iiai-  u'i 
with  similar  du’atum  id  .vtivdy  one  luijith  id  tto-  anti'  rpated  d"  *•  of 
NlJ HAtN  '  an  tie  administered  initially  and  the  patient  obsci v*‘d  t"i  sign 
uf  withdrawal  '  e  ahdomin.il  ,  ramps  nausea  and  vomiting  i.y,  nma 
?iou  rhmorrtiea  ant-ety  le-.tles-.ne-,-  elevatiof  nt  >n  pr'.ltufe  or  pit" 
erei  1 1 1, i  It  untowUd  -ympt  ims  d"  nut .  ill  pr ogles sryely  large*  dose 
may  he  rued  it  appropriate  intervals  until  the  de-.ited  level  -d  analgesia 
.  obtain'-*)  with  NiiHAiN  Management  ot  Overdosage  the  immeijiate 

iriti  . .  jdnnnistMliiin  id  NAKl.AN  ‘  uialoioiu-  hydio*  hlnti  i.  is  a 

■  to  af  ^idi't*-  (liygen  m'l .tyennti s  HumIs  vasnpre-  .r«» -  ai  d  'hr-* 
■  .M'-*r,i*i*  mi*a  lire-  shmild  he  u  ,ed  a-  mill.  at:*«1  1  h»*  adminstra'  )t  td 
iftfle  .Jose  *****  "I  NUBAlN  sat**  .itaireiu!'  ly  ♦*'  eight  n.umal  sub 
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SPECIAL  CONTRIBUTION 


brain  ischemia,  brain  resuscitation,  calcium 
antagonists,  cardiopulmonary  resuscitation  thiopental 


Ischemic  Brain  Protection 


Despite  advances  in  the  understanding  of  the  pathophysiology  of  cerebral 
ischemia,  no  single  brain  resuscitation  therapy  has  vet  been  shown  to  be 
clinically  superior  to  brain  oriented  intensive  care  basic  concepts  in  cardio- 
pulmonary-cerebral  resuscitation  iCI’CKl  are  discussal,  as  are  two  specific- 
phases  of  Cl’CR.  cerebral  preservation  and  cerebral  resuscitation  Cerebral 
preservation  is  initiated  during  cardiac  arrest  tie.  prior  to  restoration  of  spoil 
t ancons  circulation  / ROSC/ 1  arid  includes  use  of  artificial  perfusion  tech¬ 
niques  and  drugs  to  produce  cerebral  perfusion  during  this  phase.  Cerebral 
resuscitation  is  brain -oriented  therapy  initiated  after  ROSC.  Pharmacologic 
agents  currently  under  study  for  cerebral  resuscitation  include  the  barbitu¬ 
rates.  calcium  antagonists,  and  iron  chelators.  With  respect  to  defining 
efficacy  of  the  pharmacologic  agents,  the  concept  of  therapeutic  window  is 
important.  Although  no  agent  has  been  proven  clinically,  several  appear  to 
be  promising.  /bircher  NC:  Ischemic  brain  protection.  Ann  Emerg  Med  Au¬ 
gust  mHit4:7H4-7HS./ 

Introduction 

It  is  important  to  review  and  update  a  few  basic  concepts  of  brain  resusci¬ 
tation.  The  first  of  these  is  timing  of  therapy.  In  the  hroad  sense,  protection 
of  the  brain  allows  for  a  successful  resuscitation  —  ie,  the  patient  goes  home 
neurologically  intact.  However,  cerebral  protection  can  be  strictly  defined  as 
therapy  that  is  instituted  prior  to  a  hypoxic  or  ischemic  insult.  It  is  impor¬ 
tant  to  avoid  cerebral  ischemia  by  aggressive  monitoring  and  intervention, 
and  there  are  several  anesthetic  agents  and  techniques  that  can  protect  the 
heart  and  brain  if  a  period  of  ischemia  or  total  circulatory  arrest  is  antici¬ 
pated.1  ' 

The  emergency  physician,  however,  seldom  has  the  opportunity  to  protect 
the  brain  prior  to  cardiac  arrest.  Hence  we  focus  on  the  two  subsequent 
phases  of  cardiopulmonary-cerebral  resuscitation  (CPCR|:  cerebral  preserva¬ 
tion  therapy  instituted  during  cardiac  arrest  while  attempting  restoration  of 
spontaneous  circulation  (ROSC),  or  while  trying  to  correct  cerebral  ischemia 
or  hypoxia  of  other  etiologies;  and  cerebral  resuscitation  therapy  instituted 
after  ROSC' 

Mechanisms  of  Cerebral  Ischemic  Injury 

The  mechanisms  and  degree  of  cerebral  injury  depend  on  the  insult  and  its 
duration.  Insults  may  he  classified  as  ischemic,  anoxic,  hypoglycemic,  meta¬ 
bolic,  anemic,  traumatic,  hemorrhagic,  inflammatory,  or  cancerous.4  It  is  im¬ 
portant  to  both  the  investigator  and  the  practitioner  that  comparisons  of 
therapy  between  studies  be  made  only  when  the  insults  are  similar.  Each 
type  of  insult  has  a  characteristic  biochemistry  and  natural  history,  either  or 
both  of  which  may  dictate  appropriate  therapy. Ischemic  insults  may  be 
complete  (eg,  cardiac  arrest!  or  incomplete  (shock,  cardiac  arrest  with  CPR). 
Mechanisms  of  injury  may  he  classified  into  two  broad  categories,  micro- 
vascular  damage  and  derangement  of  cellular  function.  Microvascular 
damage  results  in  the  "no-reflow"  phenomenon  and  cerebral  hypoperfusion 
postischemia.  Hypoxic  damage  to  endothelial  cells  initiates  platelet  aggrega¬ 
tion  and  thrombus  formation;  releases  histamine,  serotonin,  prostaglandins, 
kinins,  and  complement  components;  and  allows  interstitial  edema  All  of 
these  further  impair  oxygen  delivery  to  the  cell  111  Autoregulation  function  in 
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cerebral  vessels  also  is  impaired.  After 
a  transient  hyperemia,  cerebrovascular 
resistance  rises  rapidly  and  further  im¬ 
pairs  perfusion." 

At  the  cellular  level,  complete  is¬ 
chemia  causes  exhaustion  of  oxygen 
stores  within  SO  seconds,  and  of 
glucose  and  ATP  stores  within  five 
minutes  of  onset.6  Ion  pumps  and  cel¬ 
lular  metabolism  then  fail.  Severe  cel¬ 
lular  damage  is  heralded  by  the  efflux 
of  potassium  and  the  influx  of  cal¬ 
cium.  Pathologists  have  long  recog¬ 
nized  the  significance  of  cytosolic  cal¬ 
cium  accumulation,1-  which  appears 
to  be  mediated  by  failure  of  intra¬ 
cellular  and  membrane  calcium 
homeostasis,  as  well  as  increased  over¬ 
all  membrane  permeability  to  cal¬ 
cium,  independent  of  calcium  slow 
channels.  Failure  of  intracellular  reg¬ 
ulation  of  iron  and  superoxide  ion 
(O,  )  also  exacerbate  damage.  All  of 
the  therapies  discussed  below  are  in¬ 
tended  either  to  prevent  the  occur¬ 
rence  of  these  changes  or  to  amelio¬ 
rate  their  effects  once  they  have 
occurred. 

Among  the  problems  with  both  ex¬ 
perimental  and  clinical  trials  in  this 
area  is  defining  the  therapeutic  win¬ 
dow.  Some  insults  are  too  mild  for  dif¬ 
ferences  in  therapy  to  he  detected; 
some  are  too  severe  to  allow  benefit. 
The  therapeutic  window  is  the  range 
between  these  two  extremes.  Experi¬ 
mentally  the  investigator  can  map  out 
the  insults  that  are  amenable  to  treat¬ 
ment.  The  practitioner  sees  a  spec¬ 
trum  of  patients  and,  currently,  has  no 
good  way  to  know  where  a  particular 
case  falls  on  this  continuum.  The 
clinical  investigator  must  try  to  ex¬ 
clude  from  clinical  trials  those  pa¬ 
tients  who  are  outside  the  therapeutic 
window  because  these  patients,  by 
definition,  cause  the  results  of  the 
study  to  gravitate  toward  the  null  hy¬ 
pothesis,  that  is,  that  the  drug  being 
tested  has  no  effect.  Careful  construc¬ 
tion  of  entry  and  exclusion  criteria  for 
clinical  trials  is  essential. 

Cerebral  Preservation 

Although  experimental  methods  to 
improve  artificial  circulation  during 
cardiac  arrest  recently  have  been  in¬ 
vestigated,7  1 '  24  priority  must  still  be 
given  to  restoration  of  spontaneous 
circulation.  Patient  outcome  is  im¬ 
proved  by  reducing  insult  time,  which 
is  the  sum  of  arrest  time  |total  cir¬ 
culatory  arrestl;  cardiopulmonary  re¬ 
suscitation  (CPRI  time;  and  hypoxia 
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time  (the  duration  of  tissue  hypoxia 
prior  to  arrest  and  after  ROSCI.  Max¬ 
imum  cerebral  blood  flow  (CBFI 
achievable  during  CPR  undergoes 
rapid,  exponential  decay  as  arrest  time 
elapses  prior  to  the  initiation  of 
CPR.2’-26  The  first  step  in  cerebral 
preservation  is  the  rapid  institution  of 
standard  CPR  (SCPRI,  which  seems  to 
preserve  the  brain,  at  least  briefly,  if 
started  soon  after  arrest.-7--6  The  first 
step  in  cerebral  resuscitation  is  to  re¬ 
start  the  heart. 

Standard  CPR  is  preferable  to  com¬ 
plete  cardiac  arrest,  but  cannot  relia¬ 
bly  preserve  the  heart  and  brain,  as 
was  once  thought.2''  ”’ Typical  CPR 
performance,  moreover,  often  falls 
short  of  standard  CPR  as  defined  by 
the  American  Heart  Association.' 1,2 
Although  rate  of  compression  and 
ratio  of  compressions  to  ventilation 
have  little  impact  on  blood  flow, 
depth"  and  duration"  of  compression 
are  major  determinants  of  blood  flow. 
The  recommended  duration  of  com¬ 
pression  (50%  of  the  compression/re- 
laxation  cycle]2''  and  adequate  depth 
of  compression  are  important  psycho- 
motor  skills  that  require  greater  em¬ 
phasis  in  CPR  training. 

Recent  research  into  the  mecha¬ 
nism  of  blood  flow  during  CPR  has 
centered  on  the  role  of  intrathoracic 
pressure.’1'  Simultaneous  ventilation- 
compression  CPR  (SVC-CPR)  has 
been  reported  to  increase  CBF  when 
compared  to  SCPR  in  dogs.-’6-'7  Our 
own  studies  show  that  when  depth  of 
compression  during  experimental 
SCPR  is  adiusted  to  produce  optimal 
flow,  superimposition  of  simultaneous 
ventilation  and  compression  does  not 
increase  arterial  pressure  or  flow,  and 
can  decrease  cerebral  oxygenation.’6 
Because  optimal  peak  intrathoracic 
pressure  during  chest  compression  has 
not  been  determined  and  is  impossible 
to  measure  clinically,  SVC-CPR  must 
still  be  considered  an  experimental 
technique,  although  vest-binder  CPR 
supplemented  with  correction  of  acid¬ 
osis  seems  to  offer  good  cerebral  pres¬ 
ervation  over  TO  minutes  of  CPR  in 
dogs  w 

Another  approach  to  improving  CBF 
is  interposed  abdominal  compression 
CPR  (IAC-CPRI.  ">  This  technique  ot¬ 
ters  promise,  but  the  published  in¬ 
crease  in  CBF  from  11%  to  1T%  of 
control  may  not  be  clinically  signifi¬ 
cant.11  A  more  promising  approach  tor 
the  patient  in  whom  a  prolonged  re¬ 
suscitation  is  appropriate  is  open- 
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chest  CPR  (OCCPRI.  This  technique 
maintains  nearly  normal  CBF124'  and 
improves  cerebral  outcome  in  ani¬ 
mals.  1,1 

Although  experimental  evidence 
strongly  supports  the  superiority  of 
OCCPR  over  SCPR,44  it  remains  un¬ 
clear  which  patients  will  benefit  from 
OCCPR.  We  have  suggested  that  any 
patient  who  tails  to  respond  to  con¬ 
ventional  advanced  cardiac  life  sup¬ 
port  (ACLSI  in  the  first  ten  minutes  of 
the  resuscitation  attempt  may  benefit 
from  the  additional  cerebral  and  myo¬ 
cardial  perfusion  provided  by  OCCPR 
while  attempts  to  restart  the  heart 
continue.4'  OCCPR  and  SCPR  (both 
without  epinephnnel  have  been  com¬ 
pared  and  OCCPR  improves  cerebral 
outcome  in  dogs.’11  A  study  of  SCPR 
with  epinephrine  should  be  done, 
however,  because  epinephrine  is 
known  to  increase  both  cerebral  and 
myocardial  flow  during  SCPR  and 
SVC-CPR.46  47  This  issue  should  be 
resolved  in  the  laboratory  and  by  ran¬ 
domized,  prospective  clinical  trials, 
and  OCCPR  should  be  reevaluated  for 
use  during  difficult  resuscitations. 

Cerebral  Resuscitation 

Although  several  agents  and  tech¬ 
niques  have  been  suggested  to  offer 
benefit  in  the  postischemic  period,  we 
will  focus  on  only  the  barbiturates 
and  the  calcium  antagonists.  Consid¬ 
erable  work  has  been  done  to  suggest 
that  iron  chelation  may  be  an  impor¬ 
tant  new  area.  Lately,  tremendous 
effort  has  gone  into  brain  resuscita¬ 
tion  research,  but  demonstrable 
clinical  benefit  of  any  one  agent  re¬ 
mains  elusive. 

BIcyaert's  initial  report46  of  benefit 
from  thiopental  after  global  cerebral 
ischemia  was  both  novel  and  provoca¬ 
tive.  Several  investigators  had  pre¬ 
viously  shown  barbiturates  to  be  pro¬ 
tective  when  given  prior  to  ische¬ 
mia,’4'1  ’’  and  there  was  sufficient 
evidence  to  support  a  clinical  trial  to 
investigate  the  effects  of  thiopental 
after  cardiac  arrest  in  human  beings. 
Several  other  investigators,  using  a  va¬ 
riety  of  models,  tailed  to  demonstrate 
the  benefit  of  barbiturates  given  after 
a  period  of  cerebral  ischemia."’6 
This  led  to  substantial  controversy, 
and  eventually  to  reinvest igation  of 
the  effects  of  thiopental  in  a  primate 
model  similar  to  BIcyaert’s  in  the 
same  laboratory 

The  key  differences  between 
BIcyaert's  stud'  and  the  subsequent 
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study  by  C'.isvold  were  that  Gisvold 
proceeded  as  follows:  1)  he  more  close¬ 
ly  controlled  arterial  pressure  immedi¬ 
ately  postischemia;  2|  he  conducted 
control  experiments  concurrently;  31 
he  used  mechanical  ventilation  tor  the 
same  amount  of  time  in  both  control 
and  therapy  groups;  4)  he  used  lido- 
caine  prophylactically  in  the  thiopen¬ 
tal  group;  and  5)  he  monitored  blood 
glucose  levels.  Gisvold  found  no  bene¬ 
fit  to  thiopental  loading  after  18  min¬ 
utes  of  global  cerebral  ischemia. 

The  clinical  question  of  whether 
thiopental  was  effective  in  brain  resus¬ 
citation  was  addressed  by  the  Brain 
Resuscitation  Clinical  Trial  |BRCT 
I)/’11  This  was  the  first  randomized, 
prospective,  multi-institutional  clini¬ 
cal  trial  of  hrain  resuscitation,  and  it 
demonstrated  that  the  administration 
of  30  mg/kg  thiopental  to  patients  not 
awakening  within  ten  minutes  of  re¬ 
starting  the  heart  after  cardiac  arrest 
did  not  yield  improved  neurological 
outcome.  Stratification  after  data  col¬ 
lection,  however,  revealed  that  the  pa¬ 
tient  subgroup  with  arrest  times  great¬ 
er  than  five  minutes  was  significantly 
improved.  Further  study  may  be  indi¬ 
cated  to  clarify  the  therapeutic  win¬ 
dow  of  the  harhiturates. 

The  drugs  currently  showing  prom¬ 
ise  for  brain  resuscitation  are  the 
calcium  antagonists.  Verapamil  is  a 
familiar  agent  for  supraventricular 
dysrhythmias;  however,  evidence  is 
mixed  concerning  its  value  in  brain 
resuscitation/’1  (Y'  Flunarizine  showed 
promise  experimentally  in  terms  of  re¬ 
storing  cerebral  blood  flow  after  20 
minutes  of  cardiac  arrest  and  reperfu¬ 
sion  by  cardiopulmonary  bypass  in 
dogs/’4  Untreated  animals  showed  the 
characteristic  no-reflow  phenomenon. 
Investigation  by  Michenfelder  using  a 
model  of  total  circulatory  arrest  failed 
to  demonstrate  any  increase  in  CBF/” 
Moreover,  neurological  outcome  was 
not  improved  compared  to  that  of  un¬ 
treated  dogs,  and  flunarizine  produced 
pulmonary  edema  in  five  of  six  dogs 
studied.  Another  recent  study  of 
flunarizine  reported  improved  neuro¬ 
logical  status  after  ten  minutes  of  car¬ 
diac  arrest  in  dogs,  and  no  pulmonary 
edema/”  Differences  in  postresuscita- 
tive  care  may  be  important  m  these 
studies.  In  addition,  flunarizine  has 
limited  water  solubility  and  the  meth¬ 
od  and  timing  of  its  administration 
may  be  critical  to  avoid  crystallization 
(BC  White,  personal  communication, 
February  19831. 
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Nimodipine  has  been  shown  to  be 
beneficial  in  a  dog  model  of  total  cir¬ 
culatory  arrest  from  temporary  aortic 
ligation,  and  in  a  model  of  global  brain 
ischemia  in  primates/’7  It  doubled 
postischemic  CBF,  but  had  no  effect 
on  metabolism.  The  increase  noted, 
from  23%  to  43%  of  control  (pre- 
lschemic!  CBF  values,  suggests  that 
nimodipine  improves  outcome  by 
raising  the  postischemic  flow  above 
the  threshold  of  CBF  needed  to  main¬ 
tain  neuronal  viability.  The  threshold 
for  the  postischemic  brain  is  not  well 
known,  but  for  the  normal  brain  it  is 
thought  to  be  approximately  20%  of 
normal  CBF/’X 

Lidoflazinc  is  another  promising 
calcium  antagonist.  Winegar's  report'"' 
of  improved  neurological  outcome 
after  1.3  minutes  of  cardiac  arrest  in 
dogs  was  the  first  to  document  the  ef¬ 
fect  of  lidoflazinc.  Winegar  anesthe¬ 
tized  dogs  with  ketamine,  which  is 
not  brain  protective  during  ische¬ 
mia,7"  caused  cardiac  arrest  with  po¬ 
tassium  chloride,  and  then  resusci¬ 
tated  the  heart  with  internal  cardiac 
compression,  10  mEq/kg  of  sodium  bi¬ 
carbonate,  and  an  epinephrine  drip. 
The  reported  benefit  was  unequivocal, 
but  comparison  to  other  studies  is  dif¬ 
ficult. 

Dean71  found  no  change  in  CBF 
with  lidoflazinc  after  12  minutes  of 
cerebral  ischemia  induced  by  aortic 
cross-clamping,  although  the  postis¬ 
chemic  drop  in  CBF  was  not  as  dra¬ 
matic  as  in  some  other  models.  Dean 
concluded  that  lidoflazinc  does  not 
work  by  restoring  CBF.  Vaagcncs7-’ 
studied  the  effect  of  lidoflazinc  after 
ten  minutes  of  ventricular  fibrillation 
( V F ),  and  found  improvement  in 
neurological  outcome.  He  did  not, 
however,  demonstrate  benefit  after  as- 
phyxial  arrest  or  after  shorter  periods 
of  VF.  Lidoflazinc  shows  considerable 
promise  and  has  fewer  dangerous  side 
effects  than  other  calcium  antag¬ 
onists,  but  may  have  a  narrow 
therapeutic  window.  The  second  phase 
of  the  Brain  Resuscitation  Clinical 
Trial  (BRCT  III  will  examine  possible 
benefits  of  lidoflazinc  administered  to 
human  beings  remaining  comatose 
ten  minutes  after  restoration  ol  spon¬ 
taneous  circulation  following  cardiac- 
arrest  Tills  trial  is  in  progress  and  re¬ 
sults  will  be  available  in  1986. 


Conclusion 

Our  understanding  ol  the  postischc- 
nuc  brain  has  progressed  substantially 
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during  the  past  ten  years,  yet  no  spe¬ 
cific  agent  has  been  identified  tor 
clinical  brain  resuscitation  The  best 
we  have  to  otter  is  good  general  in¬ 
tensive  care.  One  of  the  important 
lessons  to  emerge  from  the  Brain  Re¬ 
suscitation  Clinical  Trials  is  that 
things  go  better  when  there  is  a  plan 
the  presence  of  a  protocol  and  a  senior 
investigator  seems  to  improve  patient 
care.  The  search  goes  on  for  a  brain  re¬ 
suscitation  agent,  there  is  light  on  the 
horizon. 
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SPECIAL  CONTRIBUTION 
CT  scanning  head  trauma,  intracranial 
hemorrhage  intracranial  pressure 


Advances  in  the  Management  of 
Closed  Head  Injury 


The  management  of  clotted  head  mitiry  Ini',  improved  recently.  Mortality 
rates  for  severe  trauma  are  lower  and  outcomes  are  more  favorable.  Ad¬ 
vances  are  related  to  improved  diagnostic  tools,  such  as  computerized  to¬ 
mography  scanning,  aggressive  supportive  care,  standardized  evaluation  cri¬ 
teria.  and  program-oriented  rehabilitation  Further  progress  depends  on 
sophisticated  triage,  including  delivery  of  the  patient  to  an  experienced 
head-injury  unit,  as  well  as  successful  manipulation  of  cellular  and  sub- 
cellular  processes  to  maintain  brain  homeostasis.  Recent  developments  in 
the  pathophysiology,  diagnosis,  anil  treatment  of  closed  head  injury  are  re¬ 
viewed.  and  promising  research  avenues  are  discussed.  ILillehei  KO.  Hoff  IT: 
Advances  in  the  management  of  closed  head  iniurv.  Ann  Emerg  Med  August 
lVR5;14:7HV-79h.l 

Introduction 

The  management  of  closed  head  miury  has  improved  during  the  past  dec¬ 
ade.  Mortality  rates  for  severe  trauma  are  lower  and  outcomes  are  often  more 
favorable.  Awareness  of  the  consequences  of  mild  head  injury  also  is  better. 
These  advances  have  come  because  the  pathophysiology  of  head  injury  is 
better  understixid,  because  diagnostic  tools  are  more  accurate,  and  because 
treatment  options  are  more  specific.  Worldwide  efforts  to  standardize  diag¬ 
nostic  criteria,  to  grade  severity  of  injuries,  and  to  assess  outcome  real¬ 
istically  also  have  contributed  to  improved  care  for  head  miury  patients. 
Continued  progress  is  primarily  dependent  on  sophisticated  triage  and  deliv¬ 
ery  of  the  patient  to  an  experienced  head-iniury  unit,  as  well  as  the  use  of 
rapid  and  accurate  diagnostic  tools.  Further  progress  will  result  from  more 
precise  surgery,  from  the  manipulation  of  cellular  and  subcellular  processes 
to  maintain  brain  homeostasis,  from  more  reliable  prediction  of  outcome, 
and  from  program-oriented  rehabilitation. 

We  review  some  advances  in  the  pathophysiology,  diagnosis,  and  treatment 
of  closed  head  miury. 

Pathophysiology 

The  brain  in  an  average  human  adult  weighs  about  1,200  g  and  requires 
15%  of  the  total  cardiac  output.  It  functions  almost  entirely  hy  oxidative 
metabolism  and  consumes  25%  of  the  body’s  glucose,  but  it  is  unable  to 
store  oxygen  or  glucose  to  any  significant  degree.  The  neuron,  therefore,  de¬ 
pends  on  an  uninterrupted  blood  supply  for  oxygen  and  glucose.  To  maintain 
this  supply,  the  brain  autoregulates  its  own  blood  flow  to  assure  a  continuous 
flow  to  brain  tissue  of  about  50  to  60  mL/min/l(X)  g.  Deprivation  of  oxygen 
results  in  a  shift  to  anaerobic  metabolism,  increased  lactic  acid,  tissue  acid¬ 
osis,  and  cerebral  vascular  dilatation,  all  in  an  attempt  to  maintain  homeo¬ 
stasis.1  Disruption  of  the  supply  of  oxygen  or  glucose  to  neurons,  or  altera¬ 
tions  in  the  ability  of  neurons  to  utilize  these  substrates,  results  in  phys¬ 
iologic  dysfunction  that  may  be  reversible  or  irreversible. •’ 

Two  types  of  forces  act  on  the  brain  at  a  time  of  impact:  translational 
forces  and  rotational  forces.  All  head  iniuries  are  a  combination  of  these  two 
forces;  which  force  is  predominant  depends  on  the  mode  of  miury  Brain 
structures  are  more  susceptible  to  rotational  forces,  which  can  be  devastating 
and  are  a  fundamental  cause  of  the  classical  "shearing"  iniury.  *  1 

Focal  brain  injury  typically  is  caused  by  translational  forces  An  example 
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Fig.  1.  CT  brain  scan,  non-contrast-en¬ 
hanced.  45-year-old  woman.  IA)  Ini¬ 
tial  scan.  V/>  hours  after  injury  Pa¬ 
tient  was  stuporous,  agitated,  no  focal 
signs.  IB)  Scan  14  hours  after  initial 
scan.  Patient  stuporous,  agitated, 
mild  left  hemiparesis.  slightly  dilated 
right  pupil.  A  large  hematoma  has 
formed  in  the  right  middle  fossa. 
Prompt  removal  of  the  clot  and  inten¬ 
sive  care  resulted  in  complete  re¬ 
covery. 

Fig.  2.  Radiographic  studies.  57-vear- 
old  man  with  headache,  confusion, 
trivial  head  injury  three  weeks  past. 
IA.B)  CT  brain  scan,  contrast  en¬ 
hanced.  A  shift  of  the  ventricular  sys¬ 
tem  from  left  to  right  is  evident,  but 
no  specific  lesion  can  be  seen.  1C)  Ce¬ 
rebral  angiogram,  AP  view,  same  day 
as  CT.  The  chronic  isodense  subdural 
hematoma  accounting  for  the  shift  is 
seen  '.arrows). 


of  a  translational  injury  is  cerebral 
contusion.  This  usually  occurs  at 
areas  in  direct  contact  with  the  irreg¬ 
ular,  inner  surface  of  the  calvarium, 
including  the  frontal  poles,  temporal 
poles,  undersurface  of  the  temporal 
lobes  and,  occasionally,  the  occipital 
poles.1 

Epidural  hematou.as  also  are  a  re¬ 
sult  of  translational  forces,  and  are  as¬ 
sociated  with  an  overlying  skull  frac¬ 
ture  in  90%  of  cases.  Approximately 
50%  to  60%  of  the  time,  epidural  he¬ 
matomas  occur  in  the  temporal  re¬ 
gion,  where  the  fracture  line  crosses  a 
branch  of  the  middle  meningeal  ar¬ 
tery.  Unlike  subdural  hematomas,  epi¬ 
dural  hematomas  are  primarily  ar¬ 
terial  in  origin,  but  they  may  be 
venous.  Venous  epidural  hematomas 
occur  secondary  to  disruption  of  a  du¬ 
ral  sinus  or  to  prolonged  venous  ooz¬ 
ing  from  a  fracture  site.  Epidural  he¬ 
matomas  are  not  usually  associated 
with  major  underlying  cerebral  contu¬ 
sion  and,  it  treated  prior  to  secondary 
miury  from  mass  effect,  have  an  excel¬ 
lent  prognosis.1 

Rotational  forces,  unlike  transla¬ 
tional  forces,  usually  cause  more  dif¬ 
fuse  brain  inrury.  Gennarelli  recently 
described  a  spectrum  of  diffuse  rota¬ 
tional  brain  injuries,  characterizing 
each  by  the  degree  of  irreversible  ana¬ 
tomical  disruption  of  neurons. '  The 
least  severe  of  these  iniuries  is  mild 
concussion,  a  temporary  disturbance 
of  neurologic  function  |ie,  contusion 
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or  amnesia)  without  loss  of  con¬ 
sciousness.  Next  in  severity  is  cere¬ 
bral  concussion  associated  with  tran¬ 
sient,  reversible  neurological  dysfunc¬ 
tion  and  temporary  loss  of  con¬ 
sciousness  (less  than  24  hours).  The 
third  category  is  diffuse  cerebral  inju¬ 
ry  associated  with  prolonged  loss  of 
consciousness  (24  hours),  usually  re¬ 
sulting  in  residual  neurologic,  psy¬ 
chologic,  and  personality  deficits. 

Fourth,  and  most  severe,  is  the  dif¬ 
fuse  white  matter  shearing  injury  as¬ 
sociated  with  anatomical  disruption 
of  axons  throughout  both  cerebral 
hemispheres.  This  shearing  injury  is 
associated  with  high  mortality  and 
substantial  residual  neurologic  mor¬ 
bidity.  It  results  from  rotational  forces 
that  are  directed  perpendicularly  to 
the  axis  of  the  white  matter  and  it  re¬ 
sults  in  axonal  transection.  Despite 
severe  shearing  injury,  the  brain  may 
appear  grossly  normal;  but  numerous 
axonal  transections  can  be  seen  mi¬ 
croscopically  in  white  matter  within 
two  weeks  of  miury  and,  classically, 
hemorrhage  is  present  in  the  corpus 
callosum  and  cerebral  peduncles.  Wal- 
lerian  degeneration  subsequently  oc¬ 
curs,  with  fiber  tract  demyelinization 
extending  throughout  the  cerebral 
hemispheres  and  into  the  brain  stem. 
Some  degree  of  irreversible  anatomic- 
disruption  probably  occurs  in  all  rota¬ 
tional  injuries,  and  this  may  be  the 
cause  of  persistent  mild  abnormalities 
now  recognized  by  detailed  psycho¬ 
metric  testing  of  patients  with  mild 
concussions.  Repeated  insults  with  ac¬ 
cumulation  of  these  injuries  may  ex¬ 
plain  the  progressive  nature  of  the 
"punch  drunk"  syndrome.4 

Posttraumatic  brain  swelling  is  the 
single  most  frequent  cause  of  death  of 
severely  hcad-iniured  patients  who 
reach  the  hospital  Brain  swelling 
compromises  oxygenation  and  glucose- 
delivery  to  neurons,  and  may  convert 
reversible  physiologic  dysfunction 
into  irreversible  injury.  Control  of 
brain  swelling  is  important  clinically, 
because  treatment  can  directly  affect 
outcome  of  patients  with  severe  iniu¬ 
ries.'’ 

Posttraumatic  brain  swelling  may 
he  of  the  early-  or  late-onset  variety. 
Early  brain  swelling  is  due  to  vascular 
engorgement  resulting  from  impaired 
autoregulation.  It  results  in  hyperemia 
("luxury  perfusion"),  despite  depressed 
cortical  electrical  activity  and  oxygen 
consumption.  The  cause  of  early  brain 
swelling  from  vascular  engorgement  is 
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unclear,  but  it  may  be  related  to  re¬ 
lease  of  vasoactive  materials  from  in¬ 
jured  brain  tissue  or  miury  to  vaso¬ 
motor  regions  in  the  midbrain/’  Use 
of  osmotic  diuretic  agents  such  as 
mannitol  may  be  detrimental  to  the 
treatment  of  this  type  of  brain  swell¬ 
ing,  because  intravascular  volume  is 
increased  by  the  drug  and  swelling 
may  be  exaggerated. 

Brain  swelling  that  develops  24  to 
48  hours  (or  more)  after  the  injury  is 
from  cerebral  edema.  Posttraumatic 
edema  is  a  combination  of  swelling  in 
both  the  cellular  (cytotoxic)  and  extra¬ 
cellular  (vasogenic)  compartments. 
This  is  a  result  of  physiologic  dysfunc¬ 
tion  with  impaired  integrity  of  the 
blood  brain  barrier.  No  specific  treat¬ 
ment  is  available  for  posttraumatic 
brain  edema.7 

Diagnosis 

The  computerized  tomographic 
(CT)  scanner  has  had  great  impact  on 
the  diagnosis  and  treatment  of  head 
trauma.14  1(1  Intracranial  contusions, 
hematomas,  and  structural  brain 
shifts  can  be  identified  reliably  within 
minutes,  and  may  be  studied  repeat¬ 
edly  thereafter  with  little  risk  to  the 
patient.  This  enables  the  clinician  to 
follow  the  evolution  of  the  lesion  pre¬ 
cisely,  and  to  assess  its  clinical  rele¬ 
vance  confidently.  The  capability  to 
scan  repeatedly  has  virtually  elimi¬ 
nated  the  need  for  exploratory  surgery 
which  was  done  in  the  past  to  identify 
and  remove  intracranial  hematomas. 
The  use  of  arteriography  to  identify 
brain  displacements  and  space-oc¬ 
cupying  masses  has  declined  similarly. 
Thus  the  indications  for  and  timing  of 
surgery  have  changed,  because  the 
size,  location,  and  behavior  of  a  specif¬ 
ic  lesion,  as  well  as  its  effect  on  sur¬ 
rounding  structures,  can  be  followed 
with  relative  ease.  The  type  and  tim¬ 
ing  of  any  surgical  procedure  then  can 
be  highly  specific.  In  short,  the  CT 
scanner  has  changed  the  management 
of  head  miury  dramatically.  It,  more 
than  any  other  diagnostic  or  treat¬ 
ment  factor,  probable  accounts  for  the 
improved  results. 

CT  scanning  of  the  head  following 
trauma  is  usually  performed  initially 
without  contrast  enhancement.  Bone 
detail,  intracranial  hemorrhage,  brain 
shifts,  ventricular  size,  and  paren¬ 
chymal  anatomy  arc  readilv  seen. 
Thus  acute  hematomas  can  be  identi¬ 
fied  rapidly,  and  these  data,  together 
with  the  clinical  status  of  the  patient, 


FiR-  3.  C  V  brain  scan.  Bone  window. 
Same  patient  as  in  Figure  I.  A  basal 
skull  fracture  through  the  foramen 
magnum  is  shown  tarrow). 


may  be  used  to  make  intervention  de¬ 
cisions  (Figure  1). 

Contrast  enhancement  during  CT 
scanning  is  helpful  after  trauma  if 
nonenhanced  scans  fail  to  identify  a 
lesion.  Older,  isodense,  liquefied  intra¬ 
cranial  hematomas  are  particularly 
difficult  to  see  without  radiopaque 
enhancement.  Occasionally  double¬ 
dose  enhancement  may  reveal  an  oth¬ 
erwise  invisible  lesion.  Arteriography 
is  required  if  clinical  suspicions  for  a 
space-occupying  mass  are  high  and 
CT  images  are  nonspecific  (Figure  2|. 

Computer  manipulation  of  the  ra¬ 
diographic  image  permits  accurate  de¬ 
lineation  of  skull  fractures.  The  tech¬ 
nique  is  particularly  useful  for  basilar 
skull  fractures,  which  may  be  seen  in 
greater  detail  with  CT  than  with  tra¬ 
ditional  plain  skull  films  (Figure  3). 
Consequently  the  use  of  plain  films  in 
the  evaluation  of  head  trauma  is  di¬ 
minishing  as  the  availability  of  CT  in¬ 
creases. 

Advances  in  the  diagnosis  and  man¬ 
agement  of  head  miury  are  not  limited 
to  radiographic  imaging.  The  severity 
of  miury  and  the  prognosis  may  be 
evaluated  by  serial  analyses  of  soma¬ 
tosensory  evoked  potentials  (SSEPs| 
and  brain  stem  auditory  evoked  re¬ 
sponses  (BAERsl.  These  tests  of  neural 
function  supplement  clinical  exam¬ 
inations,  and  are  most  applicable  to 
patients  with  severe  miury  and  major 
neurological  deficits. 

Intracranial  pressure  (ICP)  monitor¬ 
ing  has  become  a  standard  tool  in  the 
management  of  severe  head  trauma. 
When  ICP  data,  CT  images,  and  the 
clinical  status  of  the  patient  are  com¬ 
bined  and  are  followed  carefully,  diag¬ 
nosis  and  treatment  decisions  become 
much  less  empirical.  Although  ICP  is 
a  good  predictor  of  long-term  out¬ 
come,11  ICP  data  alone  often  do  not 
correlate  with  specific  lesions  or  pre¬ 
dict  clinical  course.  ICP  monitoring 
does  allow  management  decisions,  in¬ 
cluding  the  use  of  osmotic  diuresis, 
cerebrospinal  fluid  (CSF'I  drainage,  and 
surgery,  to  be  soundly  based." 

Interest  in  that  large  pool  of  pa¬ 
tients  with  minor  head  miury  has  in¬ 
creased  recently.  These  patients  usu¬ 
ally  have  transient  loss  of  con¬ 
sciousness  after  impact,  have  a  brief 
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period  of  amnesia,  and  have  no  focal 
neurologic  signs.  Careful  neuropsy¬ 
chological  follow-up  has  shown  that 
many  of  these  patients  have  prolonged 
cognitive  and  behavioral  impair¬ 
ments.4  Many  also  suffer  from  voca¬ 
tional  maladjustment,  poor  concentra¬ 
tion,  headache,  and  dizziness  for 
weeks  or  months  after  injury.  Sophis¬ 
ticated  psychological  and  social  test¬ 
ing  of  patients  with  postconcussion 
syndrome  now  is  routine  in  several 
head  miury  centers. 


Treatment 

Approximately  (SO.fXX)  patients  with 
severe  head  iniurv  reach  the  hospital 
alive  each  year  This  represents  only 
half  of  those  miured.  the  other  halt  die 
before  receiving  hospital  care.  Of  the 
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patients  who  reach  the  hospital  alive, 
about  25%  have  irreversible  miury. 
The  remaining  7.5%  have  some  degree 
of  reversible  miury  and  may  benefit 
from  aggressive  management.  For  ex¬ 
ample,  about  50%  of  patients  with  se¬ 
vere  head  miury  suffer  from  increased 
intracranial  pressure,  which  can  be 
controlled.  Failure  to  control  ICP  is 
the  single  most  frequent  cause  of 
death  in  hospitalized  patients  with  se¬ 
vere  head  miury. 11 

Treatment  ol  the  head-iniured  pa¬ 
tient  is  based  on  the  prevention  of  sec¬ 
ondary  insults  to  the  brain  The  pa¬ 
tient  lias  a  pool  of  reversibly  minted 
neurons  that  are  in  tenuous  circum¬ 
stances  Any  compromise  m  oxygena¬ 
tion  or  blood  flow  may  tip  this  group 
of  cells  toward  death  The  goal  of 
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TABLE.  Glasgow  coma 

scale 

Eye  Opening 
Spontaneous 

E  4 

To  speech 

3 

To  pain 

2 

Nil 

1 

Best  Motor  Response 
Obeys 

M  6 

Localizes 

5 

Withdraws 

4 

Abnormal  flexion 

3 

Extensor 

response 

2 

Nil 

1 

Verbal  Response 
Oriented 

V  5 

Confused 

conversation 

4 

Inappropriate 

words 

3 

Incomprehensible 

sounds 

2 

Nil 

1 

Coma  score  (E  -  M  *■ 

V)  -- 

3  lo  15 

treatment,  therefore,  is  the  prevention 
of  the  secondary  insults  that  tip  the 
balance. 

Protective  therapy  should  begin  in 
the  field."  These  patients  often  dem¬ 
onstrate  poor  ventilation  and  may  be 
hypotensive  from  associated  iniuries. 
Immediate  controlled  ventilation  with 
support  of  oxygenation  and  circula¬ 
tion  is  crucial  When  the  patient 
reaches  a  hospital,  an  organized  and 
experienced  trauma  team  is  essential 
tor  assessment  of  the  patient's  neu¬ 
rologic  status  as  well  as  tor  identifi¬ 
cation  of  related  iniuries.  If  intra¬ 
cranial  hypertension  is  suspected, 
controlled  hyperventilation  and  os¬ 
motic  diuretics  are  recommended  dur¬ 
ing  evaluation  Early  recognition  of 
intracranial  lesions  (subdural,  epi¬ 
dural,  or  intracerebral  hematomas! 
and  prompt  surgical  decompression 
are  vita!  Whether  or  not  a  mass  lesion 
is  present,  the  patient  should  be  man¬ 
aged  in  an  intensive  care  unit  |ICUI 
that  is  expert  in  the  care  of  head  inju¬ 
ries. " 

When  intracranial  hypertension  is 
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suspected,  ICP  monitoring  should  be 
begun.  The  type  of  ICP  monitor  used 
depends  on  the  individual  patient. 
Ideally,  intraventricular  catheters  are 
favored,  both  for  reliability  and  for  the 
ability  to  drain  CSF  when  necessary. 
When  a  patient's  ventricles  are  very 
small  and  difficult  to  penetrate,  a  sub¬ 
arachnoid  bolt  is  preferred.  ICP  should 
be  maintained  at  less  than  20  mm  Hg, 
primarily  with  the  use  of  hyperven¬ 
tilation  and  osmotic  diuretics.16 

The  role  of  nutrition  in  the  severely 
head-iniured  patient  remains  contro¬ 
versial,  hut  recent  evidence  suggests 
that  early  use  of  hyperalimentation 
may  promote  cerebral  edema."  Nutri¬ 
tional  support  is  usually  begun  within 
five  to  seven  days  following  miury, 
when  some  recovery  of  the  blood 
brain  barrier  can  be  expected." 


Standardization 

Assessment  of  head  iniury  sever¬ 
ity  and  outcome  has  become  stan¬ 
dardized  with  the  use  of  the  Glasgow 
coma  scale  and  the  Glasgow  outcome 
scales."-0  The  Glasgow  coma  scale 
(CCS)  is  a  13-point  scale  divided  into 
three  categories  of  neurological  re¬ 
sponsiveness,  and  it  has  proved  to  be  a 
reliable  means  of  grading  the  severity 
of  head  injury  (Table).  Initial  scoring  is 
done  after  admission,  and  then  scoring 
is  repeated  periodically.  In  the  group  of 
patients  with  a  GCS  score  of  3  to  8, 
the  prognosis  at  six  months  after  iniu- 
ry  is  48%  mortality,  2%  vegetative, 
10%  severe  disability,  17"'.,  moderate 
disability,  and  23%  good  recovery.-’1 
For  the  individual  patient  in  this 
group  Teasdale  and  lennett  found  that 
advanced  age,  unreactive  pupils,  and 
decerebrate  posturing  all  are  predic¬ 
tors  of  poor  outcome.-’1 

The  Glasgow  outcome  scale  (GOSI 
is  used  to  assess  the  neurologic  out¬ 
come  of  patients  months  to  years  after 
iniury,  with  emphasis  on  the  patient's 
ability  to  function  independently  in 
society.  The  scale  is  divided  into  five 
categories:  dead,  vegetative,  severely 
disabled,  moderately  disabled,  and 
good  recovery. 

Use  of  the  GGS  and  GOS  provides  a 
means  to  evaluate  the  effectiveness  of 
current  treatment  regimens  and  new 
treatment  regimens.  These  scales  have 
permitted  the  creation  of  head  itiiurv 
data  banks.  The  two  largest  are  the 
Multicenter  Head  Iniury  Data  Bank  m 
the  United  States,  funded  hv  the  Na¬ 
tional  Institutes  of  Health,  and  the  In¬ 
ternational  Head  Iniurv  Data  Bank,  es- 
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tahlished  in  Great  Britain.  These 
banks  provide  a  pool  of  control  data 
against  which  new  treatment  proto¬ 
cols  may  be  compared.  They  also  pro¬ 
vide  a  large  pool  of  raw  data  for  sys¬ 
tematic  investigation  of  head  iniury 

GCS  and  GOS  prediction  of  out¬ 
come  is  based  solely  on  early  post- 
traumatic  neurologic  function,  with¬ 
out  consideration  of  the  mechanism 
of  iniury.  Employing  a  multicenter 
study,  Gennarelli  recently  examined 
this  aspect  of  head  iniury  and  divided 
the  mechanism  of  iniury  into  the  fol¬ 
lowing  seven  categories:7  II  focal  in]U- 
ries  with  extradural  hematomas  and 
surgery  performed;  2!  focal  iniuries 
with  acute  subdural  hematomas  and 
surgery  performed,  3]  other  focal  le¬ 
sions  with  surgery  performed;  4)  other 
focal  lesions,  no  surgery;  3)  diffuse  in¬ 
iuries  with  coma  of  six  to  24  hours 
duration;  61  diffuse  iniuries  with  coma 
of  greater  than  24  hours  duration  and 
no  decerebrate  posturing;  and  71  dif¬ 
fuse  iniuries  with  coma  of  greater 
than  24  hours  duration  and  decere¬ 
brate  posturing.  In  this  study,  the  type 
of  lesion  was  important  to  the  ulti¬ 
mate  outcome,  independent  of  the 
GCS  score  For  example,  patients  hav¬ 
ing  an  acute  subdural  hematoma  and 
a  GCS  score  of  3  to  3  had  a  mortality 
of  74"/,, .  however,  patients  with  a  GCS 
score  of  3  to  3  and  diffuse  iniury  and 
coma  tor  six  to  24  hours  had  a  mor¬ 
tality  of  only  30%.  Thus  Gcnnerelli 
has  shown  that  type  of  injury  directly 
affects  prognosis  in  patients  having 
equivalent  Glasgow  coma  scores. 

The  GCS  and  GOS  also  have  been 
useful  in  evaluating  moderate  (GCS 
9-12)  and  mild  (GCS  12-1.3)  head  iniu- 
ries  Rimel  et  aD- •"  demonstrated 
that  patients  with  moderate  head  miu- 
ry  are  older,  are  of  a  lower  socioeco¬ 
nomic  class,  have  a  higher  incidence 
of  alcohol  abuse,  and  have  had  pre¬ 
vious  head  trauma  more  often  than 
patients  with  mild  injury.  Patients 
with  minor  head  iniury  in  Rimel's 
study  showed  an  unusually  high  inci¬ 
dence  of  complaints,  with  persistent 
headache  (78",,|  and  memory  deficits 
1 39% I  reported  three  months  after  m- 
mrv.  One-third  of  those  previously 
employed  were  unable  to  return  to 
work.-’-’  - 1 


Future  Treatments 

Hie  practical  goals  of  head  iniurv 
treatment  have  been,  and  will  con 
tunic  to  be.  preservation  of  brain 
homeostasis  and  prevention  ot  second 
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ary  inmry.  All  therapy  is  directed  to¬ 
ward  those  ends,  including  removal  of 
mass  lesions,  ventilation  support,  con¬ 
trol  of  1C  I!  seizure  prophylaxis,  and 
maintenance  of  fluid,  electrolyte,  and 
nutritional  balance.  Prevention  of  sec¬ 
ondary  injury  is  the  major  focus  of 
head  trauma  management.  This  fol¬ 
lows  the  hypothesis  that  the  primary 
insult  initiates  processes  that  may 
cause  additional  injury.  Pathophysio¬ 
logical  phenomena  involved  in  com¬ 
plex  head  injury  include  regional  land 
sometimes  global)  ischemia,  hypoxia, 
hemorrhage,  blood  brain  harrier  dis¬ 
ruption,  edema,  CSF  flow  aberrations, 
neuronal  and  glial  acidosis,  and  many 
others  - 1  ’ 

Improvements  m  the  mortality  rate 
from  severe  head  miury  may  he  at¬ 
tributed  to  accurate  and  standardized 
clinical  examinations,  sequential  t.'T 
studies,  IC.'P  monitoring,  and  ag¬ 
gressive  intensive  care  Advancements 
m  monitoring  that  may  further  reduce 
mortality  include  regional  cerebral 
blood  flow  determinations  and  the  use 
ot  somatosensory  and  brain  stem 
evoked  responses  to  detect  function¬ 
al  deterioration  before  it  becomes 
clinically  obvious.-’'’  In  the  future, 
high-resolution,  rapid  CT  scanning 
may  enable  operative  treatment  to  be 
more  specific.  Indications  for  surgery 
may  change  as  lesions  hecomc  better 
defined  anatomically,  and  as  their  ef¬ 
fects  on  function  are  more  clearly  un¬ 
derstood. 

The  quest  for  protective  therapy, 
both  physiological  and  pharmaco¬ 
logical,  continues.  During  the  past 
two  decades,  ICP  control  has  been  the 
focus  ot  much  basic  and  clinical  re¬ 
search.  Hyperventilation,  hypother¬ 
mia,  osmotic  diuresis,  ventricular 
fluid  drainage,  and  timely  evacuation 
ot  space-occupying  masses  all  have 
been  helpful  in  maintaining  ICP  with¬ 
in  physiologic  ranges.  Less  research 
has  been  directed  toward  the  more 
fundamental  problems  that  occur 
with  brain  injury,  such  as  parenchy¬ 
mal  ischemia,  hypoxia,  and  acidosis, 
all  ot  which  are  involved  in  the 
clinical  problem  ot  brain  swelling 

Since  the  early  WSOs,  steroids  have 
been  given  to  patients  with  head  miu- 
rv,  vet  neither  clinical  nor  experimen¬ 
tal  evidence  has  emerged  to  luxtity  the 
routine  .  >e  ot  these  drugs  m  the  man¬ 
agement  ot  head  trauma  In  tact, 
main  clinicians  who  treat  head -miury 
patients  believe  that  steroids  contrib¬ 
ute  to  complications  scan  often  after 


trauma,  including  pneumonia  and  sep¬ 
sis.".  'Sis 

Barbiturates  reduce  IC.'P  because 
they  depress  blood  flow,  metabolism, 
and  oxygen  consumption.  Although 
barbiturates  protect  against  regional 
ischemia  in  certain  experimental  sit¬ 
uations,  these  compounds  have  not 
proven  to  he  effective  clinically  for 
stroke  or  for  trauma-induced  ische¬ 
mia.  27-2*  On  the  other  hand,  recent 
studies  do  show  that  large  doses  ot 
barbiturate  can  control  intracranial 
hypertension  that  ;s  otherwise  intrac¬ 
table. ’y  The  use  of  barbiturate  coma 
has  not  had  an  appreciable  effect  on 
mortality  rates  or  long-term  mor¬ 
bidity.1, 

Tris  (hydroxymethyl!  aminomcth- 
anc:tromethamine  (THAMI  has  at¬ 
tracted  interest  as  a  treatment  option 
tor  severe  brain  miury.  It  is  promising 
because  it  is  an  excellent  alkalmizing 
agent  that  is  well  tolerated  sys- 
temically.  The  rationale  for  its  use  is 
based  on  the  fact  that  tissue  lactic 
acidosis,  a  consequence  of  ischemia, 
creates  a  harmful  environment  for 
brain  cells  Experimental1  animals, 
THAM  can  improve  outc  from 
closed  head  miury. *"  Human  s'udies 
with  this  drug  have  lust  begun. 

Interest  in  agents  that  reverse  ische¬ 
mia  has  been  rekindled,  because  trau¬ 
matized  brain  is  ischemic  to  varying 
degrees.  Calcium  channel-blocking 
drugs  such  as  minodipinc  may  prevent 
the  ischemic  change  that  accompanies 
cerebral  vasospasm  after  subarachnoid 
hemorrhage."  Cluneal  studies  indi¬ 
cate  benefits  in  patients  with  ruptured 
aneurysms,  hut  head-injury  patients 
have  not  yet  been  treated  system¬ 
atically  with  this  family  of  com¬ 
pounds. 

Experiments  with  regional  cerebral 
ischemia  show  variable  success  with 
dimethyl  sulfoxide  |DMSO),"  nalox¬ 
one,*  *  thyrotropin-releasing  hormone 
(TRHI,  **  and  fluosol,'1  the  solvent 
that  increases  oxygen-carrving  capaci¬ 
ty.  These  drugs  have  not  consistently 
altered  outcome  from  severe  head  m- 
Itiry.  Vascular  volume  control  is  also 
under  investigation  m  patients  with 
ischemia,  hut  benefit  has  not  yet  been 
shown  in  head-injury  patients.*  -  It  ap¬ 
pears  unlikely  that  a  single  drug  or 
physiological  manipulation  will  have 
much  effect  on  the  injured  brain,  be¬ 
cause  trauma  involves  inanv  primary 
and  secondary  complex  and  interre¬ 
lated  events  No  doubt  the  quest  lor 
the  right  combination  to  improve  out 


come  will  continue. 
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Session  4:  Tissue  Resuscitation 


The  portion  of  the  UAEM/IRIEM  Research  Symposium  on 
tissue  resuscitation  was  primarily  an  extension  of  pre¬ 
vious  concerns,  rather  than  a  foray  into  new  organ  systems 
and  their  response  to  ischemia.  The  important  (and  neglected) 
topics  of  red  cell  substitutes  and  spinal  cord  injury  were  intro¬ 
duced,  and  we  were  given  a  brief  glimpse  into  the  extensive 
work  and  dedication  of  Dr  Gould  and  Dr  Anderson.  The 
presentations  on  mitochondria  and  iron  continue  earlier  dis¬ 
cussions.  To  note  that  discussions  on  lung  and  renal  effects 
were  not  part  of  the  session  is  not  to  diminish  the  content  or 
quality  of  the  presentations,  but  rather  to  emphasize  the  vast 
scope  of  involvement  emergency  medicine  must  absorb  when 
viewing  resuscitation  as  a  central  focus  for  research.  A  sum¬ 
mary  statement  of  this  last  segment  of  the  conference  was 
that  there  is  a  need  for  a  sincere  commitment  by  a  number  of 
dedicated,  intercommunicating  scientists,  supported  with 
time  and  money  by  their  clinical  compatriots  in  the  specialty. 
This  need  extends  beyond  the  field  of  resuscitation  to  the 
many  facets  of  medical  research  in  which  emergency  medi¬ 
cine  may  have  an  impact.  There  is  awareness  of  the  need,  but 
realization  of  progress  has  been  slow. 

Two  important  concepts  were  brought  into  focus  by  the 
discussions.  First,  reperfusion  just  "ain't  what  it  used  to  be." 
Ischemic  damage  has  been  viewed  as  a  "front-end"  problem.  In 
brain  tissue,  for  example,  there  was  a  flow  threshold  (of  both 
severity  and  duration)  for  reversible  failure  of  neuronal  func¬ 
tion  and  one  for  irreversible  membrane  failure.  Reperfusion 
brought  one  group  of  cells  back  and  the  others  died.  There  was 
always  a  "zone  of  ischemia,"  where  the  ischemia  penumbra 
reigned,  and  methods  (eg,  Sodi  Polaris  "salts")  were  touted  to 
improve  the  fate  of  these  undecided  cells.  Still,  reperfusion 
was  the  key  to  salvation  —  that  is,  until  the  mid-1970s,  when 
Safar's  hypothesis  on  the  damaging  effects  of  reperfusion 
prompted  increased  concern  about  what  our  efforts  to  im¬ 
prove  flow  were  doing. 

The  gap  between  time  and  severity  of  flow  producing  func¬ 
tional  impairment  and  morphologic  damage  has  taken  on  new 
meaning  with  studies  of  the  posthypoperfusion  syndrome  or 
reperfusion  injury  mechanisms.  The  presentations  of  Dr 
White  and  Dr  Fiskum  support  the  concern  that  a  little  flow 
may  be  too  much,  and  that  "injury  initiated  during  ischemia 
matures  during  reperfusion."  The  level  of  re-established  flow 
initiating  this  maturation  process  and  methods  to  block  the 
cascade  of  events  set  in  motion  by  ischemia  are  now  the 
concern  of  resuscitation  research.  Dr  White's  work  on  cal¬ 
cium  and  iron,  "a  tale  of  two  ions,"  typifies  the  continued 
evolution  of  our  understanding,  as  early  successes  give  way  to 
nagging  questions  that  underlie  the  complexity  of  the  prob¬ 
lem.  In  a  summary  of  the  past  five  to  ten  years  of  resuscitation, 
it  was  acknowledged  that  the  threshold  for  cellular  damage  is 


not  a  specific  flow  value,  but  is  a  summation  of  the  effects  of 
residual  flow  values  during  ischemia;  of  the  duration  of  ische¬ 
mia;  of  the  innate  properties  of  individual  tissues;  of  the 
timing,  content,  and  degree  of  reperfusion  flows;  and  of  inter¬ 
ventions  that  influence  the  processes  set  in  motion  by  ische¬ 
mia  and  developed  through  reperfusion.  The  rules  of  the  game 
were  revised  once  more  for  the  clinicians  in  attendance. 

The  second  concept  brought  into  focus  in  the  discussions 
was  the  ascendancy  of  the  free  radical  as  the  intracellular 
villain  of  resuscitative  efforts.  Turnover  in  this  position  is 
rapid.  Most  recently  it  was  held  by  arachidonic  acid,  for  its 
multiple,  detrimental  effects  in  platelet  aggregation,  smooth 
muscle  vasospasm,  and  membrane  permeability.  As  pointed 
out  by  Dr  Anderson,  concerns  about  the  influence  of 
postischemic  free  radical  development  have  been  around  for 
some  time,  but  the  combined  presentation  of  Dr  Anderson 
and  Dr  White,  as  well  as  other  participants  in  the  conference, 
placed  "free  radicals"  as  a  central  item  of  concern.  A  free 
radical  is  a  molecule  with  a  single,  unpaired  electron  which 
may  act  as  an  oxidant  or  reductant.  It  is  a  by-product  of  a 
number  of  oxy-redox-related  enzyme  systems,  and  is  elimi¬ 
nated  through  a  ubiquitous  enzyme  pathway.  Free  radicals  can 
initiate  lipid  peroxidation  reactions  that  may  result  in  lipid 
membrane  loss,  particularly  in  mitochondria.  A  transitional 
metal  catalyst,  such  as  iron,  is  needed  for  the  initiation  of  lipid 
peroxidation.  Given  the  finding  of  increased  intracellular  lev¬ 
els  of  free  iron  during  ischemia,  the  free  radical  hypothesis 
takes  on  an  important  role  in  explaining  its  potentially 
damaging  effects  during  and  after  ischemia.  Free  radicals  also 
may  be  involved  in  xanthine  oxidase  activity  and  in  direct 
injury  in  other  tissues. 

In  the  clinical  correlation  discussion,  a  number  of  projec¬ 
tions  for  eventual  applications  of  research  were  presented.  Dr 
Gould  noted  that  polymerized,  pyridoxalated  hemoglobin  is  a 
new  development  that  may  bring  to  fruition  the  extended 
promise  of  an  effective  red  cell  substitute.  Its  possible  role  as 
reperfusion  fluid,  and  acknowledgment  of  the  potential  cel¬ 
lular  hazards  of  the  elevated  free  iron  associated  with  a  hemo¬ 
globin  substitute,  were  discussed.  It  was  recognized  that,  de¬ 
spite  involvement  in  disaster  management,  prehospital  care, 
and  timely  crossmatch  problems,  emergency  medicine  had 
little  involvement  in  developing  red  cell  substitutes.  Dr  An¬ 
derson's  information  on  spinal  cord  injury  could  be  applied 
directly  to  research  on  the  early  and  optimal  dosing  of  block¬ 
ers  of  ischemic  damage  and  reperfusion  injury,  such  as  rneth- 
ylprednisolone,  naloxone,  dimethyl  sulfoxide  (DMSOI,  thy¬ 
rotropin-releasing  hormone,  and  indomethacin.  Dr  White 
emphasized  the  need  to  establish  resuscitative  methods  that 
provide  maximum  tissue  perfusion;  to  avoid  calcium  use  in 
resuscitation;  and  to  develop  clinical  studies  to  support  the 
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use  of  iron  chelators  and  other  methods  to  limit  reperfusion 
injury  by  lipid  peroxidation  and  other  mechanisms. 

The  following  political  allegory  is  derived  from  this  ex¬ 
tremely  enlightening  session.  The  heart,  brain,  and  other 
tissues  have  too  long  been  viewed  as  separate  entities  in 
resuscitation  research.  Basic  science  teaches  the  interdepen¬ 
dence  of  physiological  and  pathologic  processes  in  maintain¬ 
ing  or  destroying  the  entire  organism.  As  resuscitation  re¬ 
search  must  expand  its  perspective  to  view  the  whole,  so  must 
clinical  and  academic  emergency  medicine  work  to  maintain 


the  specialty.  The  heart,  brain,  and  other  "peripheral  tissue" 
must  be  considered  in  solving  the  problems  confronting  the 
organism,  for  organ  isolation  invites  eventual  death  of  the 
entire  system. 

Glenn  C  Hamilton,  MD 
Associate  Professor  of  Emergency  Medicine 
and  Internal  Medicine 
Wright  State  University  School  of  Medicine 
Dayton,  Ohio 
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Red  Cell  Substitutes:  An  Update 


The  two  acellular  oxygen  earners  currently  being  evaluated  as  red  cell  sub¬ 
stitutes  are  hemoglobin  solutions  and  fluorocarbon  emulsions.  We  have 
shown  that  both  products  can  maintain  normal  levels  of  oxygen  consump¬ 
tion.  CO ,  production,  and  circulatory  dynamics  in  primates  in  the  virtual 
absence  of  the  red  blood  cell.  Although  each  solution  thus  satisfies  the  most 
important  criteria  for  a  red  cell  substitute,  development  continues  with 
both  products.  The  clinical  trials  with  the  fluorocarbons  have  been  discon¬ 
tinued  due  to  the  lack  of  efficacy  of  FluosoI-DA  —  20%  in  the  setting  of 
acute  blood  loss.  Our  current  hemoglobin  preparation  is  a  polymerized, 
pvridoxylated  product  that  has  a  normal  oxygen -carrying  capacity.  Clinical 
testing  must  await  further  evaluation  of  the  safety  and  efficacy  of  this  prod¬ 
uct.  Alternative  uses  for  both  of  these  oxygen  carriers  continue  to  be  ex¬ 
plored.  and  may  eventually  be  the  area  of  their  greatest  utility  in  the  clinical 
setting.  /Gould  SA,  Sehgal  LR,  Rosen  AL,  Sehgal  HL,  Moss  GS:  Red  cell 
substitutes:  An  update.  Ann  Emerg  Med  August  1985;14:798-803. f 

RED  CELL  SUBSTITUTES 

One  of  the  exciting  prospects  for  the  future  is  the  possibility  of  a  safe  and 
effective  red  cell  substitute.  The  primary  indication  for  such  a  product  would 
be  the  unavailability  of  blood.  The  most  important  properties  of  a  suitable 
red  cell  substitute  should  be  the  ability  to  effectively  transport  02  and  C02 
and  to  support  circulatory  dynamics.  In  addition,  the  preparation  should  be 
nontoxic  and  temperature  stable,  have  a  long  shelf  storage  time  and  a  suit¬ 
able  intravascular  persistence,  require  no  crossmatch  before  administration, 
and  be  effective  on  room  air. 

The  two  principal  products  currently  being  evaluated  are  hemoglobin  solu¬ 
tions  and  fluorocarbon  emulsions.  We  have  shown  that  both  products  can 
maintain  normal  levels  of  02  consumption,  C02  production,  and  circulatory 
dynamics  in  primates  in  the  virtual  absence  of  the  red  blood  cell.1  ’  Al¬ 
though  each  solution  therefore  satisfies  the  most  important  criteria  for  a  red 
cell  substitute,  certain  problems  exist  in  both  instances  that  must  be  re¬ 
solved  prior  to  their  clinical  application. 

HEMOGLOBIN  SOLUTIONS 
Unmodified  Hemoglobin 

Hemoglobin  solutions  are  currently  prepared  from  outdated  blood.  An  im¬ 
portant  advance  in  the  preparation  of  the  solution  was  described  in  1967  by 
Rabiner.4  His  technique  of  osmotic  lysis,  centrifugation,  and  filtration  re¬ 
sulted  in  a  stroma-free  hemoglobin  solution  |SFH)  with  a  | Hb)  =  7  g/dL  and 
an  oncotic  pressure  (COP)  equal  to  that  of  plasma.  Our  current  approach  to 
the  preparation  of  "membrane-free"  or  stroma-free  hemoglobin  solution  in¬ 
volves  the  gentle  lysis  of  washed  red  cells  with  hypotonic  phosphate  buffer. 
Subsequent  separation  of  the  red  cell  "ghosts"  from  the  hemoglobin  is  carried 
out  by  a  series  of  filtration  steps.  The  resultant  hemoglobin  solution  is  essen¬ 
tially  free  of  red  cell  membrane  or  stromal  contaminants.  The  properties  of 
the  final  product  are  shown  (Table  1|. 

The  02  content  curve  of  the  SFH  is  both  anemic  and  leftward-shifted  in 
comparison  to  a  15  g/dL  whole  blood  product  (Figure  1).  Although  baboons 
can  survive  a  total  exchange  transfusion  with  this  SFH  solution  to  zero  he¬ 
matocrit  with  normal  levels  of  O,  consumption,  cardiac  output,  and  arterio- 
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Fig.  1.  ()2  content  curves  for  whole 
blood,  SFH  and  FL-DA.  20%. 

Fig.  2.  Effect  of  a  leftward  shift  in  the 
oxygen  content  curve.  Curve  A  is  in 
the  normal  position.  Curve  B  is  shift¬ 
ed  leftward.  Assuming  no  change  in 
A-VD02,  the  result  must  be  a  decline 
in  the  Pv02. 


venous  02  content  difference  (A- 
VD02),  a  considerable  decrease  occurs 
in  the  mixed  venous  oxygen  tension 
(PvOJ  from  roughly  50  to  20  torr.s 
The  Pv02  is  the  tension  at  which  oxy¬ 
gen  unloads  from  the  hemoglobin 
molecule,  and  is  in  equilibrium  with 
the  tissue  P02.  Such  a  low  PvO-,  was  a 
concern  to  us,  and  led  us  to  attempt 
to  restore  a  more  normal  value. 

Pyridoxylated  Hemoglobin 
(SFH-P) 

The  factors  that  lower  PvO,  include 
a  decrease  in  cardiac  output,  arterial 
saturation,  hemoglobin  mass,  or  PS() 
|  t  affinity  state),  and  an  increase  in 
oxygen  consumption.-2  In  reviewing 
our  baboon  data  we  could  eliminate 
changes  in  oxygen  consumption,  ar¬ 
terial  saturation,  and  cardiac  output  as 
possible  explanations  for  the  decline 
in  Pv02.  That  left  for  further  consid¬ 
eration  changes  in  hemoglobin  mass 
and  affinity  state.  We  examined  af¬ 
finity  state  changes  first.  The  way  in 
which  a  leftward  shift  in  the  content 
curve  could  produce  a  decrease  in  the 
tension  at  which  oxygen  unloading 
occurs  —  the  PvO,  —  is  shown  (Fig¬ 
ure  21. 
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The  increase  in  O,  affinity  state  in 
the  hemoglobin  solution  |  J  P,„l  is  re 
lated  to  the  loss  of  the  organic  ligand 
2,3-diphosphoglycerate  (2,3-DPGI,  nor¬ 
mally  found  within  the  red  blood  cell 
Attempts  to  normalize  Pso  by  the  ad¬ 
dition  of  2,3-DPG  to  the  hemoglobin 
solution  itself  were  unsuccessful,  for 
the  DPG  rapidly  disappears  from  the 
circulation  after  infusion.'’  Benesch  et 
al,’  Greenberg  et  aI,K  and  Sehgal  et  aly 
have  described  a  modification  of  the 
hemoglobin  molecule  by  the 
addition  of  pyridoxal-phosphate.  The 
resulting  compound,  pyridoxylated 
hemoglobin  (SFH-P)  exhibits  a  PM) 
considerably  higher  than  the  PM,  of 
unmodified  hemoglobin.  This  modifi¬ 
cation  allowed  us  to  examine  the 
PvO,  in  animals  exchange  transfused 
with  pyridoxylated  hemoglobin.111 

Eight  baboons  were  the  test  ani¬ 
mals.  Four  received  unmodified  hemo¬ 
globin  (Pso  -  12  torr),  while  four  re¬ 
ceived  pyridoxylated  hemoglobin  |PS(I 
~  22  torr).  The  exchange  transfusion 
was  carried  out  until  zero  hematocrit 
was  achieved.  The  hemoglobin  con¬ 
centration  of  both  solutions  was  ap¬ 
proximately  7  g/dL.  No  important 
changes  were  noted  following  ex¬ 
change  transfusion  in  either  group  in 
oxygen  consumption,  cardiac  output, 
or  A-VDO,.  Animals  that  underwent 
exchange  transfusion  with  SFH-P  de¬ 
veloped  significantly  higher  whole 
blood  P,,„  levels  compared  to  those 
given  unmodified  hemoglobin  (SFH  1 
when  the  hematocrit  levels  declined 
to  10%.  From  this  point  onward,  PvO, 
levels  were  significantly  higher  in  the 
animals  given  pyridoxylated  hemo 
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These  data  illustrate  two  points 
First,  they  confirm  the  concept  that 
rightward  shifts  in  the  dissociation 
curve  result  in  an  increased  PvO,,  as 
long  as  its  other  determinants  remain 
constant,  as  was  the  case  in  this  study 
(Figure  2).  This  is  physiologically  im¬ 
portant,  for  it  allows  O,  unloading  to 
occur  at  a  higher  tissue  PO,.  Second, 
although  increased,  the  PvO,  level 
(near  25  torrl  in  the  animals  treated 
with  pyridoxylated  hemoglobin  was 
still  substantially  lower  than  the  nor¬ 
mal  value  of  40  to  50  torr  found  in 
control  animals.  Thus  we  began  to 
search  for  other  means  to  normalize 
the  PvO,.  Because  (Hbj  and  P-(,  were 
the  only  two  factors  influencing  PvO, 
that  were  changing,  the  remaining  op¬ 
tion  was  to  raise  the  hemoglobin  con¬ 
centration  of  the  SFH. 

Polymerized  Hemoglobin 

One  can  easily  prepare  a  hemo¬ 
globin  solution  with  a  normal  hemo¬ 
globin  concentration.  Such  a  solution, 
however,  has  a  colloid  osmotic  pres¬ 
sure  in  excess  of  60  torr.  The  rela¬ 
tionship  between  hemoglobin  con¬ 
centration  and  oncotic  pressure  is 
shown  (Figure  31. 11  At  hemoglobin 
concentrations  of  7  g/dL,  the  oncotic 
pressure  is  similar  to  that  of  plasma  -- 
20  torr.  In  contrast,  at  hemoglobin  lev 
els  of  15  g/dL,  oncotic  pressure  in¬ 
creases  to  greater  than  60  torr  The  in¬ 
fusion  of  such  a  solution  might 
theoretically  produce  large  fluid  shifts 
from  tile  extravascular  to  the  ultra 
vascular  space,  a  potentially  harmful 
situation 
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One  approach  to  producing  a  non- 
anemic  hemoglobin  solution  with  nor¬ 
mal  COP  values  is  polymerization  of 
the  hemoglobin  molecule.  The  COP 
of  any  solution  is  proportional  to  the 
number  of  colloidal  particles  in  the 
solution.  If  a  lS-g/dL  solution  of  he 
moglobin  could  he  polymerized,  the 
result  would  be  a  reduction  in  the 
number  of  molecules  and  thus  the 
COI}  while  no  change  would  occur  in 
hemoglobin  concentration  (Figure  4|. 
We  have  successfully  prepared  such  a 
product  in  large  volumes.12  The  char¬ 
acteristics  of  such  a  polymerized 
pyridoxylatcd  solution  (poly  SFH-P) 
are  shown  (Table  2). 

Two  kinds  of  preliminary  studies 
have  been  carried  out  thus  far.  The 
first  was  to  test  the  efficacy  of  the 
polyhemoglobin  in  rats.  Eight  rats 
were  divided  into  two  groups  of  four 
each.1'  The  first  group  underwent 
total  exchange  transfusion  with  poly¬ 
hemoglobin.  The  second  group  re¬ 
ceived  5%  albumin  solution.  All  the 
control  rats  died  as  the  hematocrit  de¬ 
clined  to  approximately  5%.  All  the 
rats  given  polyhemoglobin  survived. 
These  efficacy  studies  are  now  being 
repeated  in  baboons. 

The  second  study  concerned  poly- 
hemoglobin  half-life."  Previous  re¬ 
ports  have  demonstrated  a  relatively 
short  half-life  of  tetrameric  hemo¬ 
globin  of  approximately  two  to  four 
hours.  Much  of  the  tetramcr  is  cleared 
by  the  kidneys,  following  dissociation 
into  dimers.  The  half-life  of  the  poly- 
hemoglobm  was  tested  by  infusion  ot 
SMM)  ml  into  adult  baboons.  Pyridoxy¬ 
latcd  hemoglobin  served  as  the  con¬ 
trol  solution.  The  polyhemoglobin 
shows  a  striking  increase  in  halt-life 
to  IK  hours,  compared  to  about  tour 


hours  for  pyridoxylatcd  hemoglobin. 


Future 

Although  we  are  encouraged  at  the 
prospects  ot  this  chemically  modified 
polyhemoglobin  solution  serving  as  a 
temporary  red  cell  substitute,  the  is¬ 
sue  of  toxicity  is  unresolved.  There 
has  always  been  concern  over  the  pos¬ 
sible  nephrotoxic  effect  of  free  hemo¬ 
globin.  A  review  of  the  literature  re¬ 
veals  that  evaluation  of  "pure"  SFH  in 
laboratory  animals  shows  no  abnor¬ 
malities,1’  however,  a  recent  report  of 
SFF1  given  to  human  volunteers  did 
identify  transient  but  reversible 
changes  in  renal  function.1'’  The  issue 
is  still  not  resolved.  A  second  area  of 
concern  is  postinfusion  immunosup¬ 
pression.17 1''  Because  sepsis  often  fol¬ 
lows  hemorrhage  and  resuscitation,  it 
is  necessary  to  determine  whether  he¬ 
moglobin  solution  impairs  the  host 
defense  mechanism  As  modifications 
of  the  hemoglobin  solutions  are  still 
m  progress,  a  definitive  answer  must 
await  a  more  detailed  evaluation  ot 
the  final  polymerized  hemoglobin  so¬ 
lution 


Fig.  3.  Relationship  between  colloid 
osmotic  pressure  (COR)  and  hemo¬ 
globin  concentration  l/Hb j)  for  pyrid- 
oxvlated  stroma  free  hemoglobin 
(SFH -I’). 


Fig.  4.  />(  ilymerization  results  in  a  re 
duclion  in  colloid  osmotic  pressure 
ICOI’)  while  maintaining  a  constant 
hemoglobin  concentration  I jHbl ). 


FLUOROCARBONS 

Background 

Fluorocarbons  (Ft'!  are  fluorinated 
hydrocarbons  that  have  a  solubility  tor 
O,  that  is  10-  to  20-told  greater  than 
water  (Figure  31. •’  *  Unlike  the  sig 
moidal  binding  ot  O,  to  the  hemo 
glohiii  molecule,  the  O,  physically 
dissolved  m  the  fluorocarbon  phase  is 
linearly  related  to  the  IK),  lie,  the 
higher  the  IK),,  the  more  O,  that  is 
soluble).  The  slope  of  the  line  depends 
on  the  concentration  ot  the  FU  and 
the  solubility  coefficient  ot  the  Fc  tor 
(),.  Thus  at  any  PC),,  the  higher  the 


FC  concentration  (or  fluorocritl,  the 
greater  the  O,  content  (Figure  61. 

The  commercially  prepared  per 
fluorochemical  emulsion  is  Fluosol- 
DA,  20%  (FL-DA).  This  product  has 
been  evaluated  extensively  in  animals 
and  human  beings  in  lapan, and 
recently  underwent  clinical  testing  in 
a  number  ot  institutions  m  the  United 
States,-’1  including  our  own  trial  at 
Michael  Reese  Hospital  and  Medical 
Center.” 

A  comparison  ot  whole  blood  with  a 
hemoglobin  ot  Is  g/dL  to  FL-DA  is 
shown  (Figure  It.  The  figure  illustrates 
that  although  the  FL  DA  does  ottei 
some  value  as  an  oxygen  earner,  there 
are  several  limiting  factors  First,  the 
patient  must  breathe  a  high  con 
centration  ot  inspired  oxygen  in  order 
to  maximize  the  (),  content  ot  the  11 
DA  Second,  even  at  a  I’C),  ot  slid 
(breathing  Fit),  1 .01.  with  the  max 
i mu m  achievable  tluotoerit,  the  C), 
content  is  still  less  than  s  vol"..  com 
pared  to  the  211  vol",.  seen  with  whole 
blood  Flic  infusion  ot  1 1  DA  would 
therefore  add  very  little  to  the  total 
C),  content  unless  the  |Hh]  wvte  con 
sidcrabiv  reduced  from  normal  I  Ik 
point  ot  this  ohscivation  is  that  al 
though  a  potential  bcnelit  ot  II  DA 
does  exist  thcic  aie  some  significant 
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Gould  et  al 


Fig.  5.  O ,  content  curves  for  pure  fluo¬ 
rocarbon  and  plasma. 

Fig.  6.  O,  content  curves  for  40% 
fluorocarbon.  20 %  fluorocarbon,  and 
plasma. 


limitations.  Furthermore,  the  re- 
strietions  on  the  amount  of  FL-DA 
that  can  be  administered  to  any  pa¬ 
tient  |40  ec/kg)  limits  the  achievable 
Huorocrit,  which  will  further  decrease 
the  amount  of  oxygen  that  can  be  car¬ 
ried  by  the  FL-DA  (Figure  6). 

Laboratory  Studies 

Our  initial  effort  was  to  answer  the 
question:  How  good  are  fluorocarbon 
emulsions  as  oxygen  carriers’  Because 
the  principal  requirement  of  any  O, 
carrier  is  the  ability  to  load  and  un¬ 
load  oxygen,  it  is  necessary  to  accu¬ 
rately  evaluate  these  functions.  We 
have  shown  that  adult  baboons  can 
survive  a  total  exchange  transfusion  to 
zero  hematocrit  with  FL-DA,  if  they 
are  ventilated  at  an  FiO,  ot  1.0. 

The  animals  maintain  normal  hemo¬ 
dynamics  and  oxygen  transport  in  the 
virtual  absence  of  red  blood  cells.  Al 
though  these  data  suggest  that  FL-DA 
is  an  effective  oxygen  carrier,  we  also 
demonstrated  that  control  animals 
survive  at  zero  hematocrit  on  an  Fit), 
ot  1.0  without  FL-DA. This  observa¬ 
tion  leads  to  the  conclusion  that  FL 
DA  is  not  necessary  at  Fit),  of  1.0,  at 
least  in  this  acute  setting. 

These  results  can  be  explained  by 
an  understai  1  mg  ot  the  way  in  which 
the  fluorocarbons  carry  oxygen  In  the 
presence  of  red  blood  cells  and  Ft.',  the 
total  oxygen  content  in  the  blood  can 
he  considered  the  sum  ot  three  sepa 


rate  oxygen  carriers: 

K^'IrIU  +  lO’ll'bsma  +  lOill-v 

Survival  depends  on  total  oxygen  con¬ 
tent,  but  does  not  distinguish  between 
each  of  the  oxygen  carriers.  1  •26  The 
important  observation  is  that  at  l  P02 
of  500  torr  the  plasma  becomes  a  very 
significant  carrier  of  oxygen  that  is  ca¬ 
pable  of  supporting  oxygen  consump¬ 
tion  even  in  the  complete  absence  of 
both  RBC  and  FC.  Because  the  |0,|,,L 
will  always  be  increased  at  FiO,  of  1.0, 
the  actual  need  for  the  FL-DA  is  un¬ 
clear. 

Although  this  study  documents  the 
efficacy  of  the  plasma  as  an  oxygen 
carrier  at  FiO,  of  1.0,  we  are  con¬ 
cerned  about  the  potential  risk  of  oxy¬ 
gen  toxicity  to  the  lungs  in  the  clini¬ 
cal  setting.-’7  The  safe  level  of  supple¬ 
mental  oxygen  is  thought  to  be  an 
FiO,  -  0.6.  Although  our  data  suggest 
that  FL-DA  might  not  be  necessary  at 
FiO,  ot  10,  we  cannot  assume  that 
the  same  situation  would  be  true  at 
lower  levels  of  supplemental  oxygen. 

Clinical  Trial 

The  results  of  our  animal  study  led 
us  to  design  our  clinical  trial  to  evalu¬ 
ate  the  safety  and  efficacy  of  FL-DA  as 
an  oxygen  carrier  We  sought  to  try  to 
distinguish  between  the  contribution 
ot  the  dissolved  oxygen  in  the  plasma 
and  the  dissolved  oxygen  in  the  FL 
DA  compartment  Further,  we  wanted 
to  minimize  the  risk  ot  toxicity  from 
breathing  1  ( K oxygen  The  obiective 
was  therefore  to  provide  sufficient  D, 
delivery  with  FL-DA  at  Fit),  -  0  6 
Unlike  most  clinical  trials,  the  pro 


TABLE  1.  SFH  properties 


[Hb] 

7-8  g/dL 

Pso 

12-14  torr 

COP 

20-25  torr 

TABLE  2.  Poly  SFH -P  properties 


[Hb] 

14-16  g/dL 

Pso 

16-20  torr 

COP 

20-25  torr 

tocol  for  FL-DA  was  nonblinded,  and 
had  a  cross-over  design,  with  each  pa¬ 
tient  serving  as  his  own  control  for 
each  O,  carrier.  Such  a  design  let  us 
define  the  physiologic  need  for,  and 
evaluate  tbe  efficacy  of,  FL-DA  in 
acute  anemia. 

Patients  had  to  be  at  least  18  years 
old  in  order  to  be  admitted  into  the 
study  Furthermore,  the  patient's  ar¬ 
terial  blood  PO,  (PaO,)  had  to  reach 
TOO  torr  or  greater  when  receiving 
supplemental  oxygen.  Finally,  the  pa¬ 
tient  had  to  be  normovolemic.  The 
physiologic  criteria  of  need  derived 
from  our  control  studies  in  baboons’ 
included:  11  |Hb|  -  T5  g/dL;  2]  Pvt), 
•  25  torr;  and  T|D,  extraction  ratio 
(ERI  -  50%. 

A  patient  who  met  one  ot  the  inclu¬ 
sion  criteria  was  first  treated  with 
100%  oxygen  An  attempt  was  made 
to  stabilize  the  patient's  condition  at 
tile  clinically  safe  inspired  oxygen 
level  of  60%  bv  a  gradual  tapering  pro 
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cess.  If  successful,  the  patient  was 
considered  to  have  no  physiologic 
need  for  an  increased  O,  content,  and 
did  not  receive  FL-DA.  Inability  to  ac¬ 
complish  this  goal  resulted  in  the  pa¬ 
tient  being  crossed  over  to  the  FL-DA 
treatment  group.  The  patient  then  re¬ 
ceived  FL-DA  up  to  a  maximum  per¬ 
missible  dose  of  40  mL/kg  of  body 
weight.  Once  again,  an  attempt  was 
made  to  stabilize  the  patient's  condi¬ 
tion  at  60%  oxygen  with  FL-DA. 

Goals 

The  study  had  three  goals.  The  first 
was  to  identify  a  physiologic  need  for 
an  additional  oxygen  carrier  when  the 
red  cell  compartment  became  inade¬ 
quate,  as  defined  hy  the  physiologic 
criteria.  The  second  goal  was  to  at¬ 
tempt  to  increase  the  oxygen  content 
using  only  the  plasma  as  an  oxygen 
carrier  at  a  safe  FiO,.  The  third  goal 
was  to  evaluate  the  FL-DA  as  an  oxy¬ 
gen  carrier  if  the  physiologic  criteria 
of  need  still  exist  at  an  unsafe  FiO,. 

Results 

Data  from  the  eight  patients  who 
have  been  treated  are  still  being  evalu¬ 
ated.  In  an  effort  to  illustrate  our  find¬ 
ings  to  date,  the  important  details  for 
the  first  patient  will  he  described. 

The  first  patient  was  a  trauma  vic¬ 
tim  who  had  a  hemoglobin  concentra¬ 
tion  of  4.5  g/dL.  He  was  given  100% 
oxygen  according  to  the  protocol.  An 
attempt  to  lower  the  inspired  oxygen 
concentration  to  60%  was  unsuc¬ 
cessful.  The  patient  then  received  six 
units  (4  L|  of  FL-DA  Following  the  FL- 
DA  infusion  he  was  successfully  sta¬ 
bilized  at  the  clinically  safe  level  of 
60%  oxygen.  The  short-term  goal  ot 
the  study  was  achieved.” 

Outcome 

The  ideal  outcome  would  have  been 
for  the  FL-DA  to  last  until  the  pa¬ 
tient's  own  red  blood  cells  had  regene¬ 
rated  so  that  the  additional  |C),|  of  the 
FL-DA  would  no  longer  be  necessary 
This  did  not  occur  f  ile  success  ot  the 


FL-DA  was  only  temporary  There  was 
a  relatively  rapid  loss  ot  FL  DA  from 
the  circulation,  and  a  very  prolonged 
delay  in  the  patient's  red  cell  regenera¬ 
tion  Additional  FL-DA  was  given,  up 
to  the  maximum  dosage  ot  40  cc  kg 
As  long  as  FI  DA  was  present  in  the 
circulation,  the  goals  were  achieved 
After  ten  days,  however,  the  total  dose 
had  been  administered  I  here  were 
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complicated  legal  and  ethical  issues, 
and  ultimately  the  patient  received 
red  cell  transfusions  following  a  court 
order.  This  resulted  in  his  survival. 

A  number  of  additional  patients 
have  been  treated  with  FL-DA,  and 
the  findings  were  similar  to  those  in 
the  first  patient.  FL-DA  may  he  effec¬ 
tive  when  a  true  physiological  need  is 
present,  hut  its  benefit  is  short-lived 
compared  with  the  red  cell  regenera¬ 
tion  time.  Although  the  details  are 
still  being  evaluated,  the  clinical  trials 
have  stopped  for  the  present.  It  is  un¬ 
likely  that  this  first-generation  prod¬ 
uct  has  a  role  in  the  treatment  ot 
acute  blood  loss.  Products  that  have  a 
higher  FC  concentration  and  a  longer 
intravascular  persistence  may  he  more 
effective. 

Conclusion 

both  acellular  oxygen  carriers  meet 
some  of  the  criteria  of  an  ideal  red  cell 
substitute,  both  have  shortcomings 
that  may  potentially  be  solvable. -K 
Other  areas  ot  usage  ot  these  oxygen 
carriers  are  being  explored,  such  as  in 
the  treatment  of  myocardial  infarc¬ 
tion-’''  and  stroke.'"  The  rationale  in 
these  settings  is  that  these  alternative 
O,  carriers  may  provide  oxygen  to 
areas  ot  ischemia  that  red  cells  cannot 
reach  due  to  the  occlusive  nature  ot 
the  disease  In  addition,  both  red  cell 
substitutes  may  be  useful  as  cardio¬ 
plegia  solutions  and  in  organ  pres¬ 
ervation.  Once  the  safety  and  efficacy 
ot  both  carriers  are  established,  other 
innovative  uses  may  develop.  Cur¬ 
rently  development  ot  both  products 
continues  actively. 


the  Flunsol  l  )A  was  provided  by  the  Al 
pha  therapeutic  Corporation,  Los  All 
Seles  v  ahtnmia 
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SPECIAL  CONTRIBUTION 
iron;  ischemia,  brain,  heart, 
oxygen  radicals:  resuscitation 


Postischemic  Tissue  Injury  by  Iron-Mediated 
Free  Radical  Lipid  Peroxidation 


Cell  damage  initiated  during  ischemia  matures  during  reperfusion.  Mecha¬ 
nisms  involved  during  reperfusion  include  the  effects  of  arachidonic  acid 
and  its  oxidative  products  prostaglandins  and  leukotrienes,  reperfusion 
tissue  calcium  overloading,  and  damage  to  membranes  by  lipid  peroxida¬ 
tion.  Lipid  peroxidation  occurs  by  oxygen  radical  mechanisms  that  require  a 
metal  with  more  than  one  ionic  state  I transitional  metal)  for  catalysis.  We 
have  shown  that  cellular  iron  is  delocalized  from  the  large  molecules  where 
it  is  normally  stored  to  smaller  chemical  species  during  postischemic  reper¬ 
fusion.  Postischemic  lipid  peroxidation  is  inhibited  by  the  iron  chelator  de¬ 
feroxamine.  Intervention  in  the  reperfusion  injury  of  membranes  by  chela¬ 
tion  of  transitional  metals  is  a  new  and  promising  therapeutic  possibility  for 
protection  of  the  heart  and  brain.  / White  IiC,  Krause  CIS,  Aust  SD.  Eyster 
CE:  Postischemic  tissue  injury  by  iron-mediated  free  radical  lipid  peroxida¬ 
tion.  Ann  Emerg  Med  August  1985:14:804-809.1 

Introduction 

Initiation  of  cell  damage  during  ischemia  occurs  as  a  result  of  oxygen  de¬ 
pletion  and  the  cessation  of  aerobic  energy  metabolism.  Normal  cellular 
chemistry  in  mammals  involves  precise,  enzymatically  controlled  reactions 
supported  by  high  adenosine  triphosphate  (ATP]  levels  in  an  oxygenated  and 
mildly  alkalotic  environment.  During  ischemia,  cellular  chemistry  does  not 
cease;  instead,  its  nature  is  shifted  to  reactions  that  occur  in  a  reducing  and 
acidotic  environment,  without  oxygen  or  large  amounts  of  ATP  —  reactions 
that  may  he  neither  supported  nor  controlled  by  enzymatic  catalysis. 

Resuscitation  is  an  attempt  to  return  the  cell  to  its  preischemic  chemical 
environment;  however,  because  resuscitation  takes  place  in  the  face  of  chem¬ 
ical  alterations  that  occurred  during  ischemia,  reperfusion  may  result  in 
rapid  cell  death.  The  primary  goals  of  the  study  of  resuscitation  are  identifi¬ 
cation  of  the  ischemia-induced  changes  that  may  be  lethal  to  cells,  and  de¬ 
velopment  of  physiologic  and  pharmacologic  principles  to  control  and  re¬ 
verse  the  consequences  of  ischemia. 

Ischemia,  Calcium,  and  Cell  Death 

One  major  (actor  that  contributes  to  ischemic  miury  is  cellular  calcium 
overloading.1  Calcium  is  vital  to  a  number  of  physiological  and  biochemical 
processes,  but  the  calcium  ion  is  strictly  compartmentalized  by  cells.  Mam¬ 
malian  cells  use  energy-dependent  pumps  in  the  mitrochondria,’  endo¬ 
plasmic  reticulum,'  and  plasma  membrane4  to  maintain  a  1(),(X)()/1  gradient 
of  ionized  calcium  across  the  cell  membrane.  Upon  depletion  of  ATP  stores 
in  early  ischemia,  the  energy-dependent  pumps  can  no  longer  function,  and 
extra  cellular  calcium  equilibrates  with  the  cytosol.  ’  <•  In  the  brain,  ATI’  de¬ 
pletion  and  Ca-’  ‘  equilibrium  is  established  within  five  minutes  '  Early  cel¬ 
lular  calcium  overloading  also  occurs  with  ischemia  in  the  myocardium,  al¬ 
though  ATP  depletion  is  somewhat  slower/’  Collapse  of  the  mitochondrial 
chemosmotic  gradient  during  ischemia  causes  these  organelles  to  lose  their 
sequestered  Ca-’  ‘  to  the  cytoplasm.1 

These  shifts  during  complete  ischemia  occui  between  compartments; 
measurement  of  total  tissue  Ca’  1  during  complete  ischemia  reveals  no  m 
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POSTISCHEMIC  TISSUE  INJURY 
White  et  al 


Fig  1.  Reaction  sequence  of  a  free  radi¬ 
cal  (R)  with  a  polyunsaturated  fatty 
acid.  These  are  the  key  reactions  in 
the  chain  reaction  of  lipid  per  oxi¬ 
dation. 

crease.  The  consequences  of  this  cel¬ 
lular  calcium  imbalance  include  ac¬ 
tivation  of  membrane-bound  phos¬ 
pholipase1  7  and  conversion  of  xan¬ 
thine  dehydrogenase  to  xanthine  oxi¬ 
dase. N 

During  reperfusion,  calcium  in  the 
incoming  plasma  causes  massive  over¬ 
loading  of  cells.1  This  has  been  dem¬ 
onstrated  in  the  liver,1  brain,2  and 
heart,1'1  and  it  probably  occurs  in 
most  other  organs  as  well.  The  result 
is  substantial  increases  in  total  tissue 
calcium  content,  in  contrast  to  the 
isolated  compartmental  shifts  that 
occur  during  ischemia.  Reperfusion 
Ca2  *  overloading  may  he  directly  in¬ 
volved  in  cell  death.1  Indeed,  liver 
cells  can  survive  long  ischemic  peri¬ 
ods  or  certain  toxins  usually  associ¬ 
ated  with  cell  death  if  the  extra¬ 
cellular  fluid  is  low  in  Ca24  . 1 

One  result  of  calcium  shifts  during 
reperfusion  after  prolonged  cardiac 
arrest  is  a  progressive  and  prolonged 
increase  in  cerebral  vascular  resis¬ 
tance  and  a  concomitant  decrease  in 
cerebral  blood  flow, 11  M  the  delayed 
cerebral  hypoperfusion  syndrome.  Al¬ 
though  this  syndrome  may  not  he  the 
proximate  cause  of  postischemie  brain 
cell  death,  it  is  probably  a  significant 
factor  in  postanoxic  encephalopathy. 

Following  cardiac  arrest  lasting  up 
to  ten  minutes,  administration  of  cal¬ 
cium  antagonists  postischemia  is  ef¬ 
fective  in  ^meliorating  hypoperfusion 
syndrome  in  the  brain,11  11  as  well  as 
total  brain  tissue  calcium  overload17 
and  neurologic  deficits. N  16  Protec¬ 
tion  against  reperfusion  calcium  over¬ 
loading  has  not  been  seen  with  cardiac 
arrest  times  of  IS  minutes  or  longer. 
Secondary  Ca2  *  overloading  after  pro¬ 
longed  ischemia  in  heart  or  liver  cells 
may  occur  through  direct  increases  in 
membrane  permeability  rather  than 
through  the  normal  calcium  "chan¬ 
nels."1 

Several  mechanisms  have  been  sug¬ 
gested  to  account  for  the  development 
of  abnormal  membrane  permeability 
during  prolonged  ischemia  and  reper- 
fusmn.  There  is  some  evidence  to  sug¬ 
gest  defective  reacylation  of  mem¬ 
brane  lipids  with  unsaturated  fatty 
acids,1  >’  however,  the  significance  of 


this  remains  unknown.  A  role  for  me¬ 
chanical  disruption  of  the  membrane 
by  Ca2  4  -dependent  contracture  of  cel¬ 
lular  microtubules  has  been  consid¬ 
ered,  although  microtubular  disman¬ 
tling  proved  to  be  nonprotective  in 
ischemia. IK  Peroxidation  of  membrane 
lipids  initiated  by  oxygen  radical  spe¬ 
cies  destroys  lipid  membranes  in 
vitro1'7  and  could  account  for  the  in¬ 
creases  in  membrane  permeability. 

Reperfusion  and  Membrane  Lipid 
Peroxidation 

Injury  initiated  during  ischemia  ma¬ 
tures  during  reperfusion.  Reperfusion 
of  the  myocardium  after  prolonged 
regional  ischemia  results  in  rapid 
maturation  of  the  injury  to  struc¬ 
turally  obvious  cell  death.’0  This  in¬ 
jury  maturation  is  accompanied  by 
the  generation  of  malondialdehyde 
(MI)A|,  a  product  of  lipid  peroxida¬ 
tion.  Studies  show  that  substantial 
amounts  of  myocardial  tissue  can  be 
saved,  and  MDA  production  reduced, 
if  superoxide  dismutase  is  admin¬ 
istered  during  reperfusion.20  This 
enzyme  converts  the  free  radical  su¬ 
peroxide  |Q,  I  to  hydrogen  peroxide 
(H,0,1.  H,(j,  can  then  he  converted 
to  water  and  oxygen  by  catalase,  or  to 
water  by  glutathione-peroxidasc-cata- 


lyzed  oxidation  of  glutathione.21 

A  free  radical  is  a  chemical  with  a 
single  unpaired  electron.  Such  mole¬ 
cules  may  act  as  reductants  by  trans¬ 
ferring  the  unpaired  electron  to  an¬ 
other  chemical,  or  they  may  behave  as 
oxidants  by  abstracting  an  electron 
from  a  chemical.  Superoxide,  the 
product  of  single  electron  reduction 
of  molecular  oxygen,  is  generated  in 
normal  metabolism  by  the  mitochon¬ 
drial  cytochrome  system,  the  mixed- 
function  oxidases  of  the  lysosomes 
Icytochrome  P-4S0),  and  a  number  of 
other  oxidative  enzymes  including 
cyclo-oxygenase,  lipoxygenase,  and 
xanthine  oxidase.22  Because  of  super¬ 
oxide. s  potential  for  participation  in 
non-enzymatically-regulated  cellular 
redox  reactions,  several  systems  are 
available  in  the  cell  to  eliminate  this 
relatively  ubiquitous  radical  species.21 
The  mitochondria  complete  the  re¬ 
duction  of  superoxide  to  water  by 
cytochrome  oxidase.  The  superoxide 
dismutase/catalase/glutathione  perox¬ 
idase  system  is  found  everywhere  in 
the  body.  Vitamin  E  is  intercalated  in 
cell  membranes,  and  serves  as  an  elec¬ 
tron  donor  to  reduce  radicals 

Lipid  peroxidation  takes  place  in  a 
chain  reaction.  The  three  classic  reac¬ 
tions  ot  lipid  peroxidation  are  initia- 
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tion  (Figure  1),  propagation,  and  termi 
nation.2'  The  first  step,  the  initiation 
reaction,  is  the  rate-limiting  reaction. 
From  the  perspective  of  the  potential 
for  membrane  protective  therapy,  the 
initiation  reaction  deserves  special  at¬ 
tention.  Lipid  peroxidation  is  initiated 
by  oxidative  abstraction  of  a  di vinyi 
hydrogen  from  a  polyunsaturated  fatty 
acid  (PUFA|  (Figure  II,  thereby  forming 
a  lipid-alkyl  free  ru^.cal.  The  activa¬ 
tion  energy  for  this  reaction  is  about 
85  K  Cal/mole.24  This  hydrogen  re¬ 
quires  less  energy  to  remove  than  that 
in  saturated  carbon  chains;  indeed, 
saturated  fatty  acids  do  not  readily  un¬ 
dergo  peroxidation  reactions. 

Propagation  is  a  two-step  process. 
First,  the  new  lipid-alkyl  free  i  dical 
reacts  with  O,  to  form  a  hpid-peroxy 
radical: 


Then,  this  lipid  peroxv  radical  can  at¬ 
tack  a  divinvl  hvdrogen  in  an  adiaccnt 
F’UFA 

Li  XV  •  LM  -  L  •  L(  X  >H 
In  this  reaction,  the  lipid  peroxc  radi 

’■»  R  Ai.qu-.t  "|RC> 


cal  becomes  a  lipid  hydroperoxide, 
and  the  PUFA  it  has  attacked  becomes 
a  new  lipid-alkyl  radical.  The  chain  re¬ 
actions  terminate  when  the  lipid  radi¬ 
cals  react  with  each  other  to  form  sta¬ 
ble  products,  or  with  scavenger  mole¬ 
cules  such  as  Vitamin  E  or  sulfhydryi 
groups  -  * 

The  lipid  hydroperoxides  cross  cell 
membranes,  and  may  be  found  in  the 
circulation.1''  In  the  presence  of  a 
transitional  metal  catalyst  such  as  Fe- 
1  ,  they  readily  decompose  to  a  lipid 
alkoxyl  radical:1'' 

Fe’  1  i  LOOH  —  Fc*  *  +  t)H  * 
LG’ 

Thus  the  lipid  hydroperoxides  may  in¬ 
itiate  injury  in  organs  other  than  the 
one  that  sustained  the  initial  insult 
Recognition  of  this  may  help  us  un¬ 
derstand  why  studies  of  pharmaco¬ 
logic  protection  in  models  of  isolated 
organ  ischemia  sometimes  yield  re 
suits  that  are  more  difficult  to  achieve 
when  applied  to  the  total  budv  ische 
iiii.i  involved  in  cardiac  arrest  Ihis 
chemistry  tends  to  substantiate  the  ar¬ 
gument  of  Satar  that  post  resuscita 
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Fig  2.  Relationship  of  the  changes  in 
mean  values  of  brain  tissue  low  mo¬ 
lecular  weight  iron  specie s  and  of 
malondialdehvde.  The  zero  point  rep¬ 
resents  data  from  control  animals 
that  have  not  undergone  cardiac  ar¬ 
rest.  The  other  four  plotted  points  are 
from  groups  of  five  dogs  each  that  all 
had  15-minute  cardiac  arrest  and 
were  resuscitated  by  internal  cardiac 
massage.  All  brain  tissue  samples 
were  taken  for  biochemical  analysis 
two  hours  postresuscitation.  All  pro¬ 
tective  drugs  were  given  by  IV  infu¬ 
sion  during  the  first  15  minutes 
postresuscitation  SIC  =  standard  in¬ 
tensive  care;  DEF  =  deferoxamine ,- 
LIDO  =  lidoflazine. 


tion  encephalopathy  may  be  a  multi¬ 
organ  syndrome  in  which  other  sick 
organs  contribute  to  the  pathology 
seen  in  the  brain. 

Oxygen  is  intimately  associated 
with  propagation.  The  reaction  be¬ 
tween  the  lipid-alkyl  free  radical  and 
O,  is  so  rapid  that  termination  is  un¬ 
likely  to  occur.-'  Even  at  tissue  O, 
levels  of  only  5%  to  10%  of  normal, 
propagation  will  continue  at  about 
50%  of  the  maximum  velocity.2''  In 
vitro  studies  of  lipid  peroxidation 
show  that  the  optimum  physical  ar¬ 
rangement  of  I’UFAs  for  propagation 
of  lipid  peroxidation  is  that  of  a  close¬ 
ly  packed  monolayer.1''  Hence  biolog¬ 
ical  membranes  are  nearly  an  op¬ 
timum  environment  for  the  chain 
reactions  to  continue. 

Tissue  and  organelle  susceptibility 
to  lipid  peroxidation  is  variable. 
Among  tissues  that  have  been  studied, 
brain  tissue  has  the  highest  rate  of 
lipid  peroxidation,1''  which  is  not  sur¬ 
prising  m  view  of  the  high  content  of 
I’UFAs  in  the  brain.  Of  the  subccllular 
organelles,  mitrochondria  are  particu¬ 
larly  susceptible  to  lipid  peroxida¬ 
tion.1''  Interestingly,  these  organelles 
demonstrate  less  loss  of  membrane 
lipids  during  ischemia  than  do  other 
membranes  ill  the  cell  1  Thus  it  is  not 
surprising  that  brain  mitochondrial  m- 
mrv  during  ischemia  is  minimal, 
while  more  severe  lniurv  occurs  m 
certain  marginal  ’H-rtusion  situa¬ 
tions’  or  during  in  vitro  induction 
of  lipid  peroxidation 

Membrane  Lipid  Peroxidation 
and  Iron 

I  hvi  mods  luinu  studies  of  O. 
have  shown  that  it  has  insufficient  re 
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activity  to  initiate  lipid  peroxidation. 
For  the  reaction  between  O.  and 
PUFA,  the  energy  yield  |.\G)  from  ab¬ 
straction  of  the  divinyl  hydrogen  from 
the  PUFA  is  +58  K  Cal/mole."’  Re¬ 
duction  of  O,  to  H.O,  has  a  AC.  of 

18  K  Cal/mole. 11  When  the  net  AG 
of  a  reaction  is  positive,  it  is  ther¬ 
modynamically  unfavorable.  The  sum 
of  the  AGs  above  is  +  40  K  Cal/mole; 
thus  direct  initiation  of  lipid  peroxida¬ 
tion  hy  O,  is  unlikely.  Moreover,  di¬ 
rect  reaction  between  O,  and  the 
PUFA  is  spin-forbidden.- '  In  the  pres¬ 
ence  of  a  transitional  metal  catalyst 
such  as  iron,  however,  more  reactive 
species  are  produced,  and  the  spin  re¬ 
striction  is  overcome;-'1  thus  com¬ 
plexes  involving  oxygen  and  transi¬ 
tional  metals  can  initiate  lipid  perox¬ 
idation  •’  *■  '■’  Recent  evidence  that  (), 
releases  iron  directly  from  ferritin  (by 
reduction  of  ferric  to  ferrous! '•’  pro¬ 
vides  an  alternative  explanation  for 
supcroxide-mediatcd  tissue  unury  and 
the  protective  effects  of  superoxide 
dismutasc  (SOP). 

Initially  it  was  thought  that  hy¬ 
droxyl  radical  |OH'l  was  produced  hy  a 
Haber- Weiss  reaction  between  O, 
and  H.O, A  Strong  evidence  now  in¬ 
dicates.  however,  that  OF!'  is  not  the 
radical  species  involved  in  initiation 
of  lipid  peroxidation. "  Rather,  low 
molecular  weight  chelates  |LMWCI  of 
icrrous  iron,  such  as  AOI’-Fe-’  '  ,  can 
undergo  reactions  with  oxygen  to  gen¬ 
erate  active  oxidation  species,  the 
chemical  nature  of  which  is  not  yet 
cntirelv  clear.  M  Such  iron-oxygen 
complexes  can  directly  initiate  lipid 
peroxidation  in  PlJFAs. 

I  here  are,  therefore,  two  critical 
questions  m  the  study  of  postischcmic 
membrane  mitiry  during  reperfusion 
h\  lipid  peroxidation  through  tree  rad¬ 
ical  mechanisms  First,  does  ferrous 
iron  become  available  to  catalyze  lipid 
peroxidation  during  ischemia  or  reper- 
tiisi i in -’  Second,  is  there  direct  evi¬ 
dence  that  the  products  of  lipid  perox¬ 
idation  can  he  found  in  tissue  fol¬ 
lowing  ischemia  and  reperfusion’ 

Flic  second  t|iicstion  demands  spe 
cific  experiments  that  examine  for  the 
products  of  lipid  peroxidation  reac¬ 
tions  Initial  attempts  to  investigate 
the  role  of  tree  radicals  in  postischcm¬ 
ic  tissue  i mu rv  used  indirect  studies 
ot  the  detoxification  systems  instead 
of  directly  looking  tor  the  products  ot 
tile  reactions  For  example.  Siesio  et 
al  *'  studied  the  glutathione  peroxi¬ 
dase  system  in  the  postischcmic  brain 
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and  were  unable  to  find  changes  in  the 
ratio  of  reduced  glutathione  to  oxi¬ 
dized  glutathione.  They  concluded 
that  this  was  evidence  against  free 
radical  involvement  in  the  pathology 
ot  brain  ischemia  and  rcpcrfusion. 
Rogure  et  al 4  ’  recently  demonstrated, 
however,  that  there  was  no  change  in 
glutathione  ratios  during  60  minutes 
of  clearly  documented  lipid  peroxida¬ 
tion  in  a  minced  brain  preparation. 

Iron  is  ubiquitous  in  mammalian 
tissue. u>  The  heart  contains  96  i  45 
pm  iron  per  gram  tissue  ash,  and  the 
brain  contains  64  ±  24  pm  iron  per 
gram  tissue  ash.  The  iron  content  in 
the  brain  is  relatively  uniform 
throughout  the  various  substructures, 
except  in  the  putamen  and  nucleus 
niger,  where  the  content  is  two  to 
three  times  higher.1’  Normally  most 
of  this  iron  is  tightly  bound  in 
enzymes  or  stored  in  the  ferric  form 
in  ferritin. 

It  appears  that  iron  may  be  de¬ 
localized  from  normal  sites  within  the 
cell  during  ischemia  and  reperfusion. 
Iron  appears  in  an  "unusual  ligand 
field"  in  left  ventricular  tissue  within 
14  minutes  ot  regional  myocardial  is¬ 
chemia.'”  This  is  accompanied  by  in¬ 
creased  MDA  in  left  ventricular  tissue 
after  44  minutes  ot  ischemia.'”  Art- 
man  et  al'1'  have  shown  that  infusion 
of  small  amounts  ot  Fe-’  *  results  in 
depression  of  the  maximum  rate  of 
myocardial  tension  development  and 
prolonged  myofibrillar  relaxation 
times.  Protection  from  these  effects 
was  achieved  with  SOU  hut  not  with 
mannitol,  an  OH'  scavenger.  ’1  M 
These  authors  suggest  that  the  Fe-’  *  - 
induced  iniury  is  dependent  on  forma¬ 
tion  of  activated  oxygen  species,  and 
that  the  prolonged  relaxation  time  is 
evidence  of  a  radical  induced  detect  in 
membrane  calcium  handling. 

Studies  in  our  laboratories  demon¬ 
strate  that  myocardial  tissue  levels  ot 
low  molecular  weight  chelate  forms  ot 
iron  are  increased  4(1"..  after  two 
hours  ot  regional  ischemia,  and  that 
MPA  is  also  significantly  increased. 111 
Watson  et  al"  have  demonstrated  that 
I’UFAs  containing  coniugatcd  diene 
bonds  formed  during  lipid  peroxida¬ 
tion’'  are  increased  in  the  post  - 
ischemic  brain  Although  statistical 
analysis  was  not  provided  in  this 
study,  we  have  examined  these  data 
utilizing  the  independent  two  samples 
test  of  proportions.  Bv  this  method, 
the  increase  in  coniugatcd  dienes  is 
significant  | /’  (Kill. 
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We  have  reported  that  LMWC  iron 
is  increased  three  fold  in  the  brains  of 
dogs  after  two  hours  of  reperfusion 
following  resuscitation  from  a  14-min¬ 
ute  cardiac  arrest  (Figure  2|.-*-’  This  is 
accompanied  by  a  40%  increase  in 
brain  tissue  MPA  levels,  which  is  pre¬ 
vented  by  treatment  with  the  iron 
chelator  deferoxamine  during  reperfu¬ 
sion.  Iron  bound  in  the  ferrioxamine 
complex  is  chemically  inert,  and  iron- 
dependent  lipid  peroxidation  cannot 
occur  in  the  presence  of  stochio- 
metrically  adequate  amounts  of  defer¬ 
oxamine.4' 

Treatment  with  the  calcium  antag¬ 
onist  lidoflazine  also  significantly  re¬ 
duces  the  tissue  LMWC  iron  levels.4-’ 
In  our  experiments,  the  best  reduction 
of  tissue  LMWC  iron  levels  was  ob¬ 
tained  by  postischcmic  treatment 
with  both  deferoxamine  and  lido¬ 
flazine.  Babbs44  has  demonstrated  a 
100%  increase  in  long-term  survival 
and  normal  neurologic  outcome  in 
rats  treated  with  deferoxamine  after 
resuscitation  from  a  ten-minute  car¬ 
diac  arrest. 

Ferritin  is  a  likely  (but  unproven! 
source  tor  the  iron  released  as  a  conse¬ 
quence  ot  ischemia.  The  basic  mecha¬ 
nism  for  the  release  of  iron  from  ferritin 
is  the  reduction  of  the  storage  form  ot 
insoluble  ferric  iron  (Fe'  ’  I  to  the  fer¬ 
rous  (Fe-’  '  )  state.4'  It  is  not  surprising, 
therefore,  that  the  reducing  environ¬ 
ment  that  develops  in  the  cell  during 
ischemia  should  be  associated  with  in¬ 
creasing  cellular  concentrations  of 
LMWC'  iron.  Indeed,  rapid  release  of 
iron  from  ferritin  is  observed  in  anaer¬ 
obic  conditions  and  is  mediated  by  re¬ 
duced  FMNH,.4'  FMN  appears  to  be 
commonly  associated  with  ferritin,  and 
may  be  reduced  by  either  NAPH  or 
NAPI’FT4'  The  accumulation  ot 
NAPH  during  ischemia  is  well  docu¬ 
mented,41’  and  it  occurs  concomitantly 
with  the  accumulation  ot  lactic  acid. 

Additional  iron  release  from  ferritin 
may  he  expected  during  reperfusion. 
The  calcium-dependent  transforma¬ 
tion  of  xanthine  dehydrogenase  to 
xanthine  oxidase”  and  the  accumula¬ 
tion  ot  hypoxanthme  (a  degradation 
product  ot  ATI’I  during  ischemia4’  re¬ 
sults  m  the  production  ot  (.),  by  this 
enzyme  during  reperfusion.4”  Release 
ot  iron  from  ferritin  is  directly  caused 
bv  P.  through  reduction  of  the  met¬ 
al  to  the  ferrous  state:  *■' 


I  e '  '  •  t ) ,  *  tree  Fe-’  '  *  O , 

’  t  ."  A.  ;  .  •  'OSS, 


Treatment  with  aliopurinol  (an  inhib¬ 
itor  of  xanthine  oxidase)  during  reper¬ 
fusion  protects  postischemic  bowel48 
and  myocardium.49 

Clinical  Implications 

Reperfusion  following  cardiac  arrest 
should  be  accomplished  by  methods 
that  provide  optimum  cardiac  output 
and  tissue  perfusion,  so  that  the  re¬ 
ducing  equivalents  accumulated  dur¬ 
ing  ischemia  are  removed  as  rapidly  as 
possible.  This  means  that  open-chest 
cardiac  massage,  which  is  signifi¬ 
cantly  superior  to  closed-chest  CPR 
for  perfusing  the  heart  and  brain, S<1 
should  yield  improved  resuscitation 
rates  and  neurologic  outcome  in  pa¬ 
tients,  as  it  has  in  the  laboratory. s,) 
These  data  are  consistent  with  the  ob¬ 
servation  of  exacerbated  lactic  acid¬ 
osis  and  tissue  and  mitochondrial  in¬ 
jury  in  the  brain  when  it  is  subjected 
to  "trickle"  blood  flow  rates  com¬ 
monly  obtained  with  CPR.17-28-80 

The  data  argue  against  the  admin¬ 
istration  of  calcium  during  resuscita¬ 
tion.  They  also  suggest  that  the  prom¬ 
ising  results  for  protection  of  the 
postischemic  brain  by  calcium  antag¬ 
onists  will  not  realize  full  clinical  po¬ 
tential  unless  specific  therapy  is  di¬ 
rected  against  reperfusion  membrane 
injury  by  lipid  peroxidation.  Deferox¬ 
amine  is  a  clinically  available  phar¬ 
maceutical  with  well-established  ad¬ 
ministration  guidelines  and  it  has  a 
history  of  being  a  safe  drug.81 

Chemically,  the  approach  of  stop¬ 
ping  the  initiation  reaction  of  lipid 
peroxidation,  and  inhibiting  the  gener¬ 
ation  of  lipid  alkoxyl  radicals  from 
lipid  hydroperoxides  by  controlling 
the  iron,  is  attractive.  This  may  be 
more  promising  than  either  hoping 
that  scavengers  (such  as  mannitol  or 
vitamin  E)  can  break  up  chain  reac¬ 
tions  by  chemical  competition  in  the 
tightly  packed  lipids  of  membranes,  or 
attempting  to  intercept  oxygen  radi¬ 
cals  after  they  are  formed  with  scav¬ 
enger  enzymes  (such  as  SODI.  More¬ 
over,  although  deferoxamine  pene¬ 
trates  cells  and  the  blood-brain  barrier 
well,81  it  remains  to  be  shown  that 
large  protein  species  such  as  SOD  or 
catalase  can  or  will  do  so. 

The  data  also  suggest  that  exacer¬ 
bated  tissue  iniury  and  arrhythmias 
occurring  during  management  of  myo¬ 
cardial  infarction  by  promotion  of 
myocardial  repertusion’114''  may  be  re¬ 
lated  to  iron-dependent  lipid  peroxida¬ 
tion.  Although  more  laboratory  work 


remains  to  be  done  to  complete  the 
picture  of  injury  by  ischemia  and  re¬ 
perfusion  already  developed,  there  is 
already  evidence  to  justify  controlled 
clinical  trials  of  deferoxamine,  or  the 
combination  of  deferoxamine  and  cal¬ 
cium  antagonists,  for  the  amelioration 
of  reperfusion  injury  in  the  heart  and 
brain. 

Conclusions 

We  have  reviewed  evidence  that 
tissue  injury  during  ischemia  is  a 
function  of  the  shift  of  the  cellular 
chemistry  to  an  anoxic-reducing 
environment  that  is  ATP-depleted. 
This  results  in  the  following:  1)  col¬ 
lapse  of  the  mitochondrial  chem- 
osmotic  gradient;  2)  degradation  of  ad¬ 
enine  nucleotides;  3)  compartmental 
shifts  of  calcium;  4)  activation  of  cal¬ 
cium-dependent  catabolic  enzymes; 
5|  release  of  PUFAs  from  membranes; 

6)  defective  reacylation  of  lipids;  and 

7)  delocalization  of  iron  from  storage 
to  LMWC  forms. 

If  the  ischemia  is  prolonged  and 
these  processes  are  sufficiently  devel¬ 
oped,  reperfusion  results  in  formation 
of  02  and  iron-dependent  lipid  per¬ 
oxidation  with  loss  of  integrity  in  the 
plasma  and  mitrochondrial  mem¬ 
branes.  Then  massive  overloading  of 
cells  with  calcium  occurs,  and  the 
cells  undergo  coagulative  necrosis. 
Lipid  peroxidation  and  continuing 
iron  delocalization  are  inhibited  by 
treatment  with  the  iron  chelator  de¬ 
feroxamine.  Calcium  antagonists  pro¬ 
mote  postischemic  reperfusion.  Con¬ 
tinued  studies  of  combination  therapy 
with  deferoxamine  and  calcium  antag¬ 
onists  to  protect  the  heart  and  brain 
during  postischemic  reperfusion  are 
scientifically  justified. 
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SPECIAL  CONTRIBUTION 
ATP;  brain,  calcium;  ischemia; 
mitochondria 


Mitochondrial  Damage  During 
Cerebral  Ischemia 


Cerebral  ischemia  causes  a  rapid  decline  in  the  ability  of  brain  mito¬ 
chondria  to  synthesize  adenosine  triphosphate  when  they  are  exposed  to 
oxygen  and  oxidizable  substrates.  Ischemia  also  results  in  a  decreased  ca¬ 
pacity  for  energized  mitochondria  to  sequester  the  abnormally  high  levels  of 
calcium  that  are  present  within  ischemic  tissue.  The  degree  to  which  these 
processes  are  affected  is  likely  to  influence  the  maintenance  of  cell  viability 
during  cerebral  resuscitation.  Factors  that  have  been  proposed  to  account  for 
mitrochondrial  damage  during  ischemia  and  reperfusion  include  intra¬ 
cellular  acidosis,  Ha2  +  -induced  membrane  damage,  and  free-radical-depen- 
dent  membrane  lip:d  peroxidation.  Ongoing  research  indicates  that  mea¬ 
sures  can  be  taken  to  manipulate  these  factors  so  that  mitochondrial 
damage  may  be  minimized  and  cell  viability  optimized  during  resuscita¬ 
tion.  fFiskum  G:  Mitochondrial  damage  during  cerebral  ischemia.  Ann 
Emerg  Med  August  1985, -14:810-815.1 

Introduction 

Continuous  production  of  adenosine  triphosphate  (ATP)  is  required  by  all 
cells  in  order  to  remain  alive.  The  energy  needed  to  drive  the  synthesis  of 
ATP  from  adenosine  diphosphate  (ADP)  and  inorganic  phosphate  (P,)  is  de¬ 
rived  primarily  from  the  oxidation  of  nutrient  substrates  (eg,  glucose)  via 
metabolic  pathways  that  require  the  presence  of  oxygen,  and  also  from  the 
anaerobic  pathway  of  glycolysis  (Figure  1). 

Normally  80%  to  90%  of  cellular  ATP  is  generated  from  mitochondrial 
oxidative  phosphorylation.  Thus  when  the  supply  of  Oz  to  the  tissue  is  inter¬ 
rupted  (anoxia  or  complete  ischemia)  or  drastically  reduced  (hypoxia  or  in¬ 
complete  ischemia),  the  cell  must  rely  on  its  reserves  of  high-energy  phos¬ 
phate  bond  energy  (creatine  phosphate)  and  glycolysis  for  the  production  of 
ATP  Even  though  the  brain  has  a  relatively  high  capacity  for  generating  ATP 
from  glycolysis,  rapid  utilization  of  ATP  for  the  active  transport  of  ions  leads 
to  complete  depletion  of  ATP  within  a  few  minutes  after  the  onset  of  severe 
incomplete  or  complete  ischemia.  Soon  thereafter,  degradative  biochemical 
reactions  initiate  the  process  of  cell  death. 

One  key  event  that  occurs  when  cellular  ATP  is  depleted  is  an  elevation  of 
the  intracellular  Ca2*  concentration.1  Without  the  ATP  needed  to  transport 
Ca2  *  out  of  the  cell,  it  will  rise  from  its  basal  cytosolic  free  concentration  of 
approximately  0.1  p-M  and  eventually  equilibrate  with  the  extracellular  con¬ 
centration  of  greater  than  1.0  mM.  This  abnormal  increase  in  intracellular 
Ca2  *  activates  a  number  of  degradative  enzymes  such  as  phospholipases, 
which  attack  membrane  lipids,  and  proteases,  which  inactivate  enzymes  as 
well  as  transport  and  structural  proteins. 

Reperfusion  of  ischemic  tissue  with  02  and  oxidizable  substrates  can  reac¬ 
tivate  mitochondrial  oxidative  phosphorylation,  thereby  allowing  cellular 
ATP  to  recover  to  a  level  consistent  with  cell  viability.  This  will  not  occur, 
however,  if  during  the  ischemic  penod  the  mitochondria  are  damaged  to  a 
point  at  which  they  are  incapable  of  synthesizing  ATP  at  a  rate  that  is  com¬ 
mensurate  with  cellular  needs.  Under  these  conditions,  as  well  as  during 
incomplete  ischemia,  the  rate  of  glycolytic  conversion  of  glucose  to  lactate 
accelerates  in  a  futile  and  inefficient  attempt  to  produce  the  necessary  level 
of  ATP  This  may  exacerbate  the  problem  by  creating  a  pathologically  acidic 
intracellular  environment  due  to  the  accumulation  of  lactic  acid.2 
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F«g.  1.  Cellular  energy  metabolism. 
The  central  nervous  system  obtains 
almost  all  of  its  energy  from  the  ox- 
idation  of  glucose.  In  the  presence  of 
oxygen,  the  pyruvate  generated  from 
glucose  via  glycolysis  is  further  ox¬ 
idized  via  the  tricarboxylic  acid 
(TCA)  cycle  located  within  the  mito¬ 
chondrion.  The  energy  given  off  dur¬ 
ing  this  process  is  captured  by  the 
reduction  of  oxidized  pyridine  nu¬ 
cleotides,  eg.  nicotinamide  adenine 
dinucleotide  IN  AD*).  These  reduced 
high-energy  molecules  are  oxidized  by 
the  electron  transport  chain  (ETC), 
which  is  located  at  the  mitochondrial 
inner  membrane.  The  energy  given  off 
during  the  transport  of  electrons  from 
NAl)H  to  O  ,  is  used  to  pump  protons 
out  of  the  mitochondrion.  The  resul¬ 
tant  electrochemical  gradient  of  pro¬ 
tons  drives  the  synthesis  of  ATP  dur¬ 
ing  the  downhill  reentry  of  protons 
into  the  mitochondrion  via  the  mem¬ 
brane  -bound  ATP  synthetase.  ATP  is 
then  transported  out  of  the  mitochon¬ 
drion  into  the  cytosol,  where  it  is 
used  to  drive  such  energy-requiring  re¬ 
actions  as  the  active  transport  of  Na  * 
and  Ca-' '  out  of  the  cell.  In  the  ab¬ 
sence  of  O,.  relatively  little  ATP  is 
produced  during  the  glycolytic  break- 
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down  of  glucose  to  lactic  acid. 


In  addition  to  being  the  primary 
generator  of  ATP,  respiring  mito¬ 
chondria  are  capable  of  actively  ac¬ 
cumulating  large  amounts  of  Ca24, 
thereby  buffering  the  Ca2  4  concentra¬ 
tion  of  the  surrounding  milieux  at  1 
ixM  or  less.  This  process  is  not  the  pri¬ 
mary  mechanism  responsible  for  con¬ 
trolling  the  cytosolic  Ca24  concen¬ 
tration  under  norma!  conditions,- 
however,  it  is  believed  to  be  an  impor¬ 
tant  back-up  system  when  the  level  of 
intracellular  Ca2  *  becomes  abnor¬ 
mally  elevated.1  Thus  mitochondrial 
Ca24  sequestration  during  postis- 
chemic  reperfusion  may  represent  an 
important  line  of  defense  against  con¬ 
tinued  Ca2  4 -dependent  cellular 
damage,  at  least  until  ATP  reaches  a 
level  that  is  sufficient  to  pump  the  ex¬ 
cess  Ca2 1  out  of  the  cell. 

Mitochondrial  Ca-’ 1  uptake  and  ox¬ 
idative  phosphorylation  both  depend 
on  the  respiration-dependent  elec¬ 
trochemical  gradient  of  protons  to  fuel 
their  activities.  Therefore,  when  is¬ 
chemia  causes  damage  to  the  mito¬ 
chondrial  electron  transport  chain,  the 
accumulation  ot  Ca2  ‘  is  inhibited,  as 
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is  the  synthesis  of  ATP4  This,  in  turn, 
can  prolong  the  time  during  which 
Ca2  4 -activated  degradative  enzymes 
can  act  on  cellular  constituents  and 
possibly  potentiate  the  onset  of  irre¬ 
versible  cellular  injury. 

The  possibility  that  intracellular 
Ca2 1  can  remain  elevated  during  re- 
perfusion  suggests  that  cellular  dam¬ 
age  does  not  necessarily  stop  at  the 
end  of  ischemia.  In  fact,  considerable 
evidence  indicates  that  reperfusion 
often  does  cause  further  damage  to 
cellular  activities,4  including  oxi¬ 
dative  phosphorylation/'  It  is  widely 
believed,  however,  that  postischemic 
damage  is  primarily  due  to  bio¬ 
chemical  alterations  inflicted  by  ele¬ 
vated  levels  of  free  radicals,  such  as 
superoxide  ((),- 1  and  hydroxyl  radicals 
(OH').’  In  the  presence  of  certain  cata¬ 
lysts  (eg,  "free"  iron)  free  radicals  react 
readily  with  membrane  lipids,  causing 
extensive  alterations  in  the  structure 
and  function  of  cell  membranes. K  All 
cells  possess  enzymes  |eg,  superoxide 
disnnttasc,  catalase,  and  glutathione 
peroxidase)  that  can  detoxify  free  radi¬ 
cals  and  their  metabolites.  Postis- 
chcniic  detoxification  may  be  limited, 
however,  particularly  it  the  activity  ot 
these  enzymes  is  reduced  during  the 
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period  of  ischemia.  The  self-sustaining 
nature  of  free  radical  reactions  also 
can  lead  to  the  slow  accumulation  of 
abnormal  molecules  that  may  take 
many  hours  to  be  reflected  as  an  al¬ 
teration  of  tissue  function. 

Mitochondrial  Damage  During 
Ischemia  and  Reperiusion 

Many  studies  have  examined  the  al¬ 
terations  of  mitochondrial  activities 
that  occur  during  ischemia.  These  ex¬ 
periments  have  been  performed  pri¬ 
marily  with  liver,  heart,  and  kidney 
mitochondria  and,  to  a  lesser  extent, 
with  brain  mitochondria.4  Extrapola¬ 
tion  of  results  obtained  with  one 
tissue  to  another  is  unwise  because  of 
the  great  variability  in  the  metabolic 
activities  of  different  types  of  cells. 
Therefore,  this  discussion  will  focus 
on  the  effects  of  ischemia  and  reperfu¬ 
sion  on  brain  mitochondria. 

The  influence  of  ischemia  on  brain 
mitochondria  has  been  assessed  in 
animal  models  employing  complete  or 
incomplete  ischemia  with  or  without 
reperfusion.  At  different  durations  of 
ischemia  or  postischemic  reperfusion, 


the  animals  are  sacrificed  and  the 
mitochondria  are  isolated  from  the 
brain.  Depending  on  the  procedure, 
the  isolated  mitochondria  can  be  pri¬ 
marily  those  present  within  synap- 
tosomes,  those  that  are  "free"  and  not 
encapsulated  by  synaptosomal  mem¬ 
branes,  or  a  combination  of  both.  The 
effects  of  ischemia  on  these  different 
populations  of  brain  mitochondria 
have  not  been  rigorously  compared. 
This  should  be  done  because  there  is 
evidence  that  there  are  significant  dif¬ 
ferences  in  the  normal  metabolic  ac¬ 
tivities  of  "free"  compared  to  synap¬ 
tosomal  mitochondrial 

Comparisons  between  the  activities 
of  normal  and  ischemic  brain  mito¬ 
chondria  have  been  restricted  pri¬ 
marily  to  rates  of  electron-transport- 
dependent  oxygen  consumption. 
There  are  two  fundamental  types  of 
mitochondrial  oxygen  consumption. 
Phosphorylating  (State  3|  respiration  is 
that  observed  in  the  presence  of  ADP 
+  P,.  Resting  (State  41  respiration  is 
that  obtained  prior  to  the  addition  of 
ADP  or  after  the  phosphorylation  of 
ADP  to  ATI’  is  completed.  Several 


Fig.  2.  Mitochondrial  damage  during 
ischemia  and  reperfusion. 


studies  have  shown  that  within  min¬ 
utes  after  the  onset  of  complete  or  in¬ 
complete  cerebral  ischemia,  there  is  a 
substantial  decline  in  the  maximum 
rate  of  State  3  respiration  by  brain 
mitochondria.6- 1(1 14  Typically  there  is 
at  least  a  50%  inhibition  of  ADP-stim- 
ulated  respiration  after  15  minutes  of 
ischemia  and  75%  inhibition  by  30 
minutes  of  ischemia.  This  is  due  to  a 
decline  in  the  activity  of  the  mito¬ 
chondrial  electron  transport  chain 
rather  than  an  inactivation  of  the 
enzymes  directly  responsible  for  ATP 
synthesis  and  transport.12  Surprising¬ 
ly,  State  4  respiration  by  brain  mito¬ 
chondria  is  unaffected  by  up  to  one 
hour  of  cerebral  ischemia.’21'  This 
finding  contrasts  with  those  made 
with  other  tissues,  such  as  liver  and 
kidney,  in  which  ischemia  induces  an 
elevation  in  the  rate  of  resting  respira¬ 
tion  (uncoupling!  due  to  an  increase  in 
the  nonspecific  ion  permeability  of 
the  mitochondrial  inner-membrane.4 
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One  very  important  observation  is 
that  mitochondria  isolated  from  is¬ 
chemic  brains  possess  the  ability  to 
recover  in  vivo  during  reperfusion  fol¬ 
lowing  a  relatively  long  period  of  com¬ 
plete  ischemia.  After  TO  minutes  of  re¬ 
perfusion  following  30  minutes  of 
complete  ischemia,  there  is  a  total  re¬ 
covery  of  the  rate  of  State  3  respira¬ 
tion  by  rat  brain  mitochondria.6  11  12 
If  reperfusion  follows  30  minutes  of 
incomplete  ischemia,  however,  ADP- 
stimulated  Ch  consumption  either 
fails  to  recover  to  the  control  value12 
or  actually  falls  to  a  level  that  is  even 
lower  than  that  obtained  in  the  pres¬ 
ence  of  ischemia  alone.6  11 

Unfortunately,  very  limited  data  arc- 
available  concerning  the  long-term 
status  of  oxidative  phosphorylation 
after  ischemia  and  reperfusion.  In  one- 
study  using  a  rat  model,  mitochondri¬ 
al  impairment  did  appear  to  progress 
after  72  hours  of  postischemie  reper¬ 
fusion.14  Clearly,  more  studies  arc- 
needed  to  assess  the  temporal  rela¬ 
tionship  between  mitochondrial  dam¬ 
age  and  delayed  neurological  injury. 

During  the  early  stages  of  postis¬ 
chemie  reperfusion,  mitochondrial 
Ca2’  accumulation  may  be  iust  as 
important  as  the  synthesis  of  ATP  in 
establishing  an  intracellular  environ¬ 
ment  that  is  adequate  tor  neuronal 
survival.  When  reperfusion  follows 
more  than  five  minutes  of  complete 
ischemia  (where  ATP  is  completely 
depleted1 the  respiration-dependent 
process  of  mitochondrial  Ca2  ’  uptake¬ 
's  the  only  mechanism  initially  avail¬ 
able  for  lowering  the  concentration  of 
cytosolic  Ca-’  •  .  The  rate  and  capacity 
of  hrain  mitochondria  for  accumulat¬ 
ing  Ca’  •  are  significantly  depressed 
after  15  or  30  minutes  of  ischemia,14 
however,  the  maximal  capacity  for 
Ca-’ '  sequestration  does  not  decline 
as  rapidly  as  oxidative  phosphoryla¬ 
tion  does,  and  it  appears  to  exceed 
what  would  he  necessary  for  the  pre¬ 
liminary  buffering  of  cytosolic  Ca2  - 
after  as  much  as  30  minutes  of  ische¬ 
mia  |F  Hamud  and  G  Fiskum,  un¬ 
published  results). 

Mechanisms  of 
Mitochondrial  Damage 

The  primary  factors  believed  to  be 
involved  in  the  damage  of  brain 
mitochondria  during  ischemia  and  rc- 
perfusion  are  intracellular  lactic  acid¬ 
osis;  Ca-’  '  -activated  degradative  en¬ 
zyme  activities,  mitochondrial  Ca-’  ' 
overload;  and  free-radical-induced 
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membrane  lipid  peroxidation 

An  acidic  environment  is  known  to 
inhibit  mitochondrial  respiration  and 
Ca2  •  accumulation.  In  vitro  acidosis 
of  pH  6.4  has  been  shown  to  inhibit 
ADP-stimulatcd  brain  mitochondrial 
respiration  by  50"/,.  compared  to  the 
rate  obtained  at  pH  7.2.  u-  This  effect 
is  only  partially  reversed  by  neutraliz¬ 
ing  the  pH  after  the  mitochondria 
have  been  exposed  to  acidic  pH  values 
for  only  five  minutes.  A  pH  of  6  0  has 
also  hc-en  shown  to  cause  an  inhibi¬ 
tion  of  the  maximal  capacity  for  Ca' 
sequestration  by  normal  or  ischemic 
bram  mitochondria  1 '  These  effects 
are  consistent  with  the  pattern  of  mi 
tochondrial  damage  caused  by  ische¬ 
mia,  and  they  correlate  with  the  rela¬ 
tively  poor  recovery  of  mitochondria 
from  brains  that  are  repertused  follow¬ 
ing  incomplete  versus  complete  30 
minute  ischemia.  However,  recent  re¬ 
sults,  obtained  with  mitochondria  iso¬ 
lated  from  high  and  low  lactate  am 
mats  that  were  exposed  to  30  minutes 
of  re-perfusion  following  15  minutes  of 
complete  ischemia,  suggest  that  lactic 
acidosis  does  not  impair  the  ability  of 
mitochondria  to  recover  under  these 
more  moderate  conditions.1’ 

The  possibility  that  much  of  ische¬ 
mia-associated  mitochondrial  damage 
is  due  to  the  deleterious  action  of 
Ca2  ’ -dependent  enzymes  on  mito¬ 
chondrial  components  is  quite  attrac¬ 
tive,  particularly  in  light  of  what  is  al¬ 
ready  known  concerning  the  involve¬ 
ment  of  Ca2'  in  other  forms  of 
cellular  injury.1  There  is  little  direct 
evidence,  however,  for  Ca’ '  -activated 
mitochondrial  membrane  damage  in 
the  ischemic  brain.  The  most  widely 
cited  Ca-’ * -dependent  degradative 
enzyme  is  phospholipase  A2.  This 
enzyme  catalyzes  the  hydrolysis  of 
polyunsaturated  fatty  acyl  groups  (eg, 
arachidonatel  from  membrane  phos¬ 
pholipids,  thereby  generating  free  fatty- 
acids  and  lysophospholipids  The  in 
vitro  exposure  of  mitochondria  to 
phospholipase  A2  or  its  products  can 
cause  extensive  mitochondrial  altera¬ 
tions,  including  inhibition  of  oxi¬ 
dative  phosphorylation  and  Ca-’  • 
retention. IM  These  agents  generally 
cause  an  increase  in  State  4  respir¬ 
ation  due  to  an  increase  in  the  leak¬ 
iness  of  the  mitochondrial  membrane. 
Because  this  is  not  observed  in  iso¬ 
lated  ischemic  brain  mitochondria, 
the  direct  involvement  of  phosphoh- 
pase  A 2  in  the  damage  to  this 
organelle  is  questionable  Also,  com- 
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parisons  between  the  phospholip.isi 
activities  ol  mitoc  hiuid"  i  from  Jit 
ferent  tissues  indicate  that  -ram  mm. 
chondna  possess  a  part ic ular l\  low 
phospholipase  A2  activity 

fhere  is  still  a  good  possibility  that 
la-'  .lcm.ltedenzVMicscould.lt.  |S| 
indirectly  contribute  to  r lit  damage 
observed  m  ischemie  hiain  niMochon 
dria,  and  this  c  ounce  linn  has  (■„  ,  n 
made  111  otlu-l  tc  pe  s  ,.|  isi  In  mie 
tissues  such  as  livvt  An  anvwi i  n, 
this  question  will  requite  blue  lie  lineal 
analyses  ot  mitoehondnal  membrane 
lipids  ailel  pioteins  in  model  systems 
m  wliieh  cerebral  ischemia  and  re  pe  i 
fusion  is  carried  out  in  tile  absence 
and  presence  of  V  a  antagonists 
I  lie  abnormal  accumulation  ol 
Ca  '  '  In  reenergized  mitochondria 
during  rcpcrtusion  has  often  been  cit 
eel  as  a  potential  cause  of  postis 
chemic  mitochondrial  damage  1  Ex 
ccssive  G.T  -  accumulation  can  cause 
either  osmotic  ivsis  and  irreversible- 
membrane  disruption1''  or  reversible 
inhibition  ot  ADI’ stimulated  respira 
tion  21  The  former  event  probably 
does  not  occur  in  brain  mitochondria 
because  ot  their  extremely  high  capac¬ 
ity  for  energy-coupled  Ca2  '  sequestra¬ 
tion; |y  however,  brain  mitochondria 
are  particularly  susceptible  to  inhibi¬ 
tion  ot  oxidative  phosphorylation  by 
loads  of  Ca-’ '  that  could  he  reached 
during  repertusion.-’1  This,  in  turn, 
could  retard  the  rate  ot  cellular  re 
encrgization,  hut  it  would  not  explain 
the  low  rates  ot  mitochondrial  res¬ 
piration  in  vitro  because  isolated 
mitochondria  normally  do  not  retain 
the  Ca-’  '  that  is  accumulated  in  vivo. 
Thus  no  differences  have  been  ob¬ 
served  in  the  content  of  Ca-’  '  located 
within  mitochondria  isolated  from 
normal,  ischemic,  and  re-perfused  rat 
brains  i’  Clarification  of  the  role  ot 
post-ischemic  mitochondrial  Ca-’  • 
accumulation  in  the  respiratory  ac¬ 
tivities  of  bram  mitochondria  will  de¬ 
pend  on  determinations  of  mitochon¬ 
drial  Ca’  ’  levels  in  situ,  such  as  those 
that  can  be  accomplished  with  the  aid 
of  electron  microprobe  analyses.-’-’ 

The  potential  for  mitochondrial  in 
lury  bv  oxygen  free  radicals  during  in¬ 
complete  ischemia  or  repertusion  also 
is  based  primarily-  on  in  vitro  studies. 
It  is  well  established  that  O,-  and  OH' 
can  cause  mitochondrial  membrane 
lipid  peroxidation  which  results  in  the 
inhibition  ot  mitochondrial  respira 
tion  ’’  Brain  mitochondria  have  been 
shown  to  undergo  significant  alteia 
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turns  of  State  4  (but  not  State  4)  respi¬ 
ration  in  the  presence  of  an  oxygen- 
tree  radical-generating  system  con¬ 
sisting  ot  hypoxanthine,  xanthine 
oxidase,  and  Fe2 '  N  Hypoxanthine  can 
he  generated  during  ischemia  as  a 
catabolic  product  of  adenine  nucleo¬ 
tides,-’4  and  evidence  exists  that  "free" 
iron  is  liberated  in  the  brain  during  re- 
pertusion;2"  thus  this  model  system 
may  actually  reflect  one  of  the  patho¬ 
logical  events  that  occurs  in  vivo.  The 
confirmation  of  this  hypothesis  will 
require  detailed  biochemical  deter¬ 
minations  of  the  type  and  extent  of 
mitochondrial  membrane  lipid  oxy¬ 
genation  that  occurs  during  in¬ 
complete  ischemia  and,  most  impor¬ 
tantly,  during  extended  periods  of 
repertusion. 

Summary  and  Conclusions 

The  likely  sequence  of  events  that 
relate  to  mitochondrial  damage  during 
cerebral  ischemia  and  reperfusion  is 
summarized  (Figure  21.  Ischemic  anox¬ 
ia  immediately  causes  a  profound  in¬ 
hibition  or  termination  of  oxidative 
phosphorylation.  The  associated  lack 
ot  mitochondrial  pyruvate  production 
and  drop  in  the  ATP  concentration 
stimulates  the  glycolytic  production 
of  lactic  acid  from  glucose.  This  pro¬ 
duces  only  a  slight  depression  in  the 
intracellular  pH  during  complete  is¬ 
chemia;  however,  pathological  pH 
values  of  6.0  or  less  can  be  obtained 
during  incomplete  ischemia  when  lac¬ 
tate  continues  to  accumulate. 

Glucose  and  creatine  phosphate  are 
depleted  within  minutes  after  the 
onset  of  complete  ischemia.  At  this 
juncture,  ATP  also  is  virtually  absent 
due  to  its  continual  utilization  by  en¬ 
ergy-requiring  reactions.  This  causes  a 
drop  in  the  gradients  of  ions  across 
cellular  membranes.  When  the  cyto¬ 
solic  Ca2  *  concentration  rises  above 
approximately  I  iiM,  degradative 
enzymes  (eg,  phospholipases  and  pro¬ 
teases)  initiate  the  destruction  ot  mi¬ 
tochondria  and  other  cellular  constitu¬ 
ents. 

Repertusion  ot  ischemic  tissue  pro¬ 
vides  the  glucose  needed  tor  glycolysis 
and  the  (),  needed  tor  mitochondrial 
respiration.  Eventually  the  two  pro¬ 
cesses  will  produce  enough  ATT  to  re¬ 
energize  the  cell  and  establish  normal 
ionic  homeostasis.  It  the  mitochonelri 
al  electron  transport  chain  is  operat¬ 
ing  at  an  abnormally  low  rate,  how¬ 
ever,  glycolysis  and  lactate  production 
may  be  accelerated.  T  his  could  be  fur 
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ther  potentiated  by  inhibition  of  respi¬ 
ration  due  to  excessive  mitochondrial 
Ca2  f  accumulation.  Reperfusion  and 
incomplete  ischemia  also  could  lead 
to  the  generation  of  toxic  oxygen  free 
radicals  which  may  also  contribute  to 
mitochondrial  inhibition  by  lipid  per¬ 
oxidation.  This  last  process  is  rela¬ 
tively  slow,  albeit  self-perpetuating, 
and  may  explain  the  delayed  tissue 
damage  observed  many  hours  or  even 
days  after  the  ischemic  episode. 

Intervention  in  the  pathophysiology 
of  ischemic  mitochondrial  damage- 
can  occur  in  several  different  ways.  In¬ 
fusion  of  ATP  during  repertusion  can 
elevate  intracellular  ATP2''  thereby  de¬ 
creasing  the  rate  of  glycolysis  and  in¬ 
hibiting  intracellular  lactic  acidosis.  It 
may  also  improve  the  recovery  ot 
mitochondria  by  promoting  anabolic- 
reactions,  such  as  the  reacylation 
of  mitochondrial  lysophospholipids 
Accelerated  ATP-dependent  cellular 
Ca2  4  efflux  also  would  be  expected  to 
diminish  the  need  for  respiration- 
dependent  uptake  of  Ca2  *  by  re¬ 
energized  mitochondria.  Whatever  the 
mechanism  ot  improvement  may  be, 
perfusion  with  ATP  has  been  shown 
to  amend  significantly  mitochondrial 
function  following  hepatic  ischemia  2  7 

The  pathological  effects  of  Ca-’  ‘  on 
mitochondrial  function  can  poten¬ 
tially  be  dealt  with  by  a  variety  of 
drugs.  Ca2  1  channel  blockers  decrease 
cellular  Ca2  •  influx214  and  lower  the 
postischenuc  cerebral  tissue  content 
of  Ca2*.2'2  There  is  also  some  evi¬ 
dence  that  they  can  act  directly  on  the 
mitochondrial  membrane-”2  <o  and  in¬ 
hibit  Ca-’  •  uptake-induced  mitochon¬ 
drial  damage. "  Pretreatment  ot  ex¬ 
perimental  animals  with  verapamil 
prior  to  60  minutes  ot  myocardial 
ischemia  preserves  the  normal  Ca-’ ' 
transport  activities  ot  heart  mitochon¬ 
dria  It  remains  to  be  seen  whether 
postischenuc  administration  ot  Ca2  • 
channel  blockers  improves  the  respira¬ 
tors  and  Ca2  ‘  transport  capacities  ot 
isolated  brain  mitochondria  Other 
Ca  1  '  antagonists  ;cg,  chlorpromuzmcl 
have  been  demonstrated  to  ameliorate 
the  damage  inclined  In  liver  unto 
chondria  during  eillui  anoxia  in 
vitro'1  or  ischemia  in  vivo  "  I  licse 
and  other  smnlai  observations  could 
provide  a  rationale  lor  the  heuetni.il 
eltccts  ot  V  a'  channel  blwvkvis  dm 
mg  cerebral  lesnsc  nation  tor  rece  nt 
evident  e  indicates  that  tin  \  do  inn  ad 
simple  In  preservation  ot  ccn  bi.il  pci 
luston 
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The  involvement  ot  oxygen  tree  rad¬ 
icals  in  ischemic  mitochondrial  miury 
could  be  probed  tor,  and  possibly  in¬ 
hibited  by,  several  different  drugs  Mi¬ 
tochondrial  lipid  peroxidation  in  vitro 
can  be  inhibited  by  the  qumone  com¬ 
pound  ldebenone11  and  by  both  chlor- 
promazine  and  mepacrmc. 12  Chela¬ 
tion  of  delocalized  iron  by  desferri- 
oxamine  also  can  act  effectively  as  a 
scavenger  of  superoxide  radicals;*- 
however,  the  effect  of  this  drug  on  mi¬ 
tochondrial  respiration  and  lipid  per¬ 
oxidation  has  not  been  reported.  Thus 
it  will  be  particularly  interesting  to 
determine  what  relationships  exist  be¬ 
tween  the  effects  ot  these  agents  on 
delayed  ischemic  neurological  impair¬ 
ment  and  the  structure  and  function 
of  the  mitochondrial  membrane. 
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inal  Cord  Injury  and  Protection 


Subsequent  to  traumatic  injury  of  the  spinal  cord,  a  series  of  pathophysiolo¬ 
gical  events  occurs  in  the  injured  tissue  that  leads  to  tissue  destruction  and 
paraplegia.  These  include  hemorrhagic  necrosis,  ischemia,  edema,  inflam¬ 
mation,  neuronophagia,  loss  of  CaJ  *  from  the  extracellular  space,  and  loss 
of  K  <■  from  the  intracellular  space.  In  addition,  there  is  trauma-initiated 
lipid  peroxidation  and  hydrolysis  in  cellular  membranes.  Both  lipid  perox¬ 
idation  and  hydrolysis  can  damage  cells  directly ;  hydrolysis  also  results  in 
the  formation  of  the  biologically  active  prostaglandins  and  leukotrienes 
(eicosanoids}.  The  time  course  of  membrane  lipid  alterations  seen  in  studies 
of  antioxidant  interventions  suggests  that  posttraumatic  ischemia,  edema, 
inflammation,  and  ionic  fluxes  are  the  result  of  extensive  membrane  perox- 
idative  reactions  and  lipolysis  that  produce  vasoactive  and  chemotactic 
eicosanoids.  A  diverse  group  of  compounds  has  been  shown  to  be  effective 
in  ameliorating  spinal  cord  inpiry  in  experimental  animals.  These  include 
the  synthetic  glucocorticoid  methylprednisolone  sodium  succinate  (MI’SS); 
the  antioxidants  vitamin  E.  selenium,  and  dimethyl  sulfoxide  (DMSO);  the 
opiate  antagonist  naloxone ;  and  thyrotropin-releasing  hormone  (TRH).  With 
the  exception  of  TRH,  all  of  these  agents  have  demonstrable  antioxidant 
and/or  anti-lipid-hydrolysis  properties.  Thus  the  effectiveness  of  these  sub¬ 
stances  may  lie  in  their  ability  to  quench  membrane  peroxidative  reactions 
or  to  inhibit  the  release  of  fatty  acids  from  membrane  phospholipids,  or 
both.  Whatever  the  mode  of  action,  early  administration  appears  to  be  a 
requirement  for  maximum  effectiveness.  lAnderson  DK,  Demediuk  P.  Saun¬ 
ders  RD,  Dugan  LL.  Means  ED.  Horrocks  LA:  Spinal  curd  injury  and  protec¬ 
tion.  Ann  Emerg  Med  August  1985:14:816-821.1 

INTRODUCTION 

Spinal  cord  injury  is  physically,  psychologically,  socially,  and  economically 
devastating.  It  has  been  estimated  that  the  annual  incidence  of  spinal  cord 
iniury  in  the  United  States  is  40  per  million  population,  or  about  10,000  new 
eases  per  year.'  The  most  frequent  victims  are  young  men  injured  in  auto¬ 
mobile  accidents.  Currently  there  is  no  accepted,  specific  treatment  for  acute 
spinal  cord  injury,  primarily  because  the  pathophysiological  events  involved 
in  posttraumatic  destruction  of  spinal  cord  tissue  are  only  beginning  to  be 
understood. 

Trauma  to  the  spinal  cord  triggers  a  progressive  series  of  autodestructive 
events  that  lead  to  varying  degrees  of  tissue  necrosis  and  paralysis,  depending 
on  the  severity  of  the  iniury.  Pathological  changes  that  occur  in  traumatized 
spinal  cord  tissue  include  petechial  hemorrhage  progressing  to  hemorrhagic 
necrosis;  lipid  peroxidation;  lipid  hydrolysis  with  subsequent  prostaglandin 
and  lcukotriene  (eicosanoid)  formation;  loss  of  Ca-  ‘  from  the  extracellular 
space  and  loss  of  K  •  from  the  intracellular  space;  ischemia  with  consequent 
decline  in  tissue  O,  tension  and  energy  metabolites  and  development  of  lac¬ 
tic  acidosis;  edema;  and  inflammation  and  neuronophagia  by  poly¬ 
morphonuclear  leukocytes  |PMNI.-’  ’ 

In  spite  of  extensive  investigation,  the  mechanisms  responsible  for  the  ini¬ 
tiation  and  propagation  of  these  pathophysiological  and  pathochemical 
events  remain  undetected.  Recent  evidence  suggests,  however,  that  the  over¬ 
all  initiator  ot  this  autodestructive  cascade  of  events  is  mechanical  deforma¬ 
tion  of  any  type  |ie,  impact  or  compression!,  and  that  the  primary  sites  ot 
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SPINAL  CORD  INJURY 
Anderson  et  al 


TABLE  1.  Cholesterol  and  25-hydroxycholesterol  levels  in 
cat  spinal  cord  following  compression  injury 


Control  *  1  mint  5+ 10*  5+15*  5  +  30* 

Cholesterol*  6  9  ±  0  1  6.1  ±  0  2  6.0  ±  0  1  5  9  ±  0  2 

25-OH  cholesterol*  8  5  ±  0.4  9  5  ±  2.0  13  3  ±  3.1 

‘Values  are  means  ot  tour  cats  ±  SEW  Units  are  nmol  cholesterol/nmol  sphingomyelin 
rvalues  are  means  of  three  cats  ±  SEM  Units  are  mg  25-OH  cholesterol/nmol  sphingomyelin 
♦The  times  are  control  (laminectomy  +  90  min  stabilization).  1  mm  compression  (170  g).  5+  10.  5+  15.  5  +  30  (5  mm  compression 

plus  10.  15.  or  30  mm  recovery,  respectively) 


injury  are  the  cellular  and  subcellular 
membranes  of  neurons,  glia,  and  vas¬ 
cular  endothelial  cells. 4  Lipid  perox¬ 
idation  and  activation  of  membrane 
lipases,  with  release  of  fatty  acids 
leading  to  production  of  eicosanoids, 
are  the  earliest  mechanically  stimu¬ 
lated  biochemical  events  described 
thus  far.4 

This  article  reviews  the  pathophys¬ 
iology  of  acute  spinal  cord  injury  in 
relation  to,  and  with  special  emphasis 
on,  posttraumatic  membrane  lipid 
changes.  Therapeutic  agents  shown  to 
be  effective  in  restoring  neurological 
function  following  spinal  cord  injury 
in  experimental  animals  are  reviewed, 
as  are  their  proposed  modes  of  action. 
Our  concept  of  the  sequence  of  events 
leading  to  posttraumatic  autodestruc- 
tion  of  spinal  cord  tissue  is  described. 

PATHOPHYSIOLOGY  OF 
SPINAL  CORD  INJURY 

Until  thirty  years  ago,  physicians 
and  investigators  believed  trauma  to 
the  spinal  cord  caused  disruption  of 
the  long  fiber  tracts,  resulting  in  im¬ 
mediate  and  irreversible  damage  to 
spinal  cord  tissue.  In  the  mid  1950s, 
however,  Freeman  and  Wright4  sug¬ 
gested  that  the  actual  determinants  of 
posttraumatic  neurological  deficit  are 
pathological  events  that  occur  in  the 
tissue  after  the  mechanical  trauma; 
prominent  among  these  posttraumatic 
pathophysiological  processes  is  a  sub¬ 
stantial  decline  in  blood  flow  in  the 
iniured  tissue.  Subsequent  studies 
have  supported  an  ischemic  etiology 
for  postinjury  tissue  destruction,5  y  al¬ 
though  other  investigators  have  ques¬ 
tioned  whether  ischemia  is  the  initiat¬ 
ing  or  principal  cause  of  posttraumatic 
tissue  necrosis.10  14 

It  is  difficult  to  assess  the  laboratory 
evidence  for  the  contribution  of  post¬ 
traumatic  ischemia  to  the  destruction 
of  spinal  cord  tissue,  because  investi- 

148/817 


gators  have  used  different  animal  spe¬ 
cies,  injury  models,  and  methodol¬ 
ogies  for  measuring  blood  flow. 
Despite  these  difficulties,  it  appears 
that  ischemia,  although  probably  sec¬ 
ondary  to  more  basic  cellular  response 
to  trauma,  figures  prominently  in  the 
death  of  spinal  cord  tissue  following 
injury. 

The  histopathology  of  experimental 
spinal  cord  injury  provides  some  im¬ 
portant  clues  to  the  pathogenesis  of 
spinal  cord  autodestruction.  Histo¬ 
logically  the  cardinal  feature  of  spinal 
cord  injury  is  progressive  hemorrhagic 
necrosis  of  gray  and  white  matter  in 
the  first  24  hours  following  trauma.2 
This  pattern  and  the  prominent  extra¬ 
vasation  of  blood  into  the  spinal  cord 
within  minutes  of  injury  led  De- 
mopoulos  and  his  coworkers  to  pro¬ 
pose  that  free-radical-induced  lipid 
peroxidation  (catalyzed  by  some  com¬ 
ponent  of  blood,  such  as  the  transition 
metals  iron  or  copper,  and/or  hemo¬ 
globin  degradation  products,  such  as 
hematin)  may  be  involved  in  microcir- 
culatory  injury  and  autodestruction  of 
spinal  cord  tissue.14  16 

Free-Radical-Induced 
Lipid  Peroxidation 

Free  radicals  are  molecules  that 
have  an  unpaired  electron  and,  conse¬ 
quently,  are  generally  reactive  chem¬ 
ical  species.  Free-radical-mediated 
tissue  injury  is  the  result  of  uncon¬ 
trolled,  abnormal  reactions  of  these 
species  with  various  ceil  components. 
Although  a  variety  of  free  radicals  ex¬ 
ist,  the  non-lipid  free  radicals  of  im¬ 
portance  in  spinal  cord  injury  appear 
to  be  those  derived  from  the  univalent 
reduction  of  oxygen  —  ie,  the  superox¬ 
ide  anion  (O,  ),  hydrogen  peroxide 
(H,0,j,  and  the  hydroxyl  radical 
(OH-).  Polyunsaturated  fatty  acids 
(PUFAs),  which  are  found  largely  in 
membranes,  are  very  susceptible  to 
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radical  attack.  Lipid  peroxidation  is 
the  oxidative  degradation  of  polyun¬ 
saturated  lipid.  These  reactions  in¬ 
volve  the  direct  reaction  of  oxygen-de¬ 
rived  radicals  with  lipids  to  form  lipid 
free  radical  intermediates  and  fatty 
acid  hydroperoxides.'7  Lipid  peroxida¬ 
tion  can  be  a  geometrically  progress¬ 
ing  chain  reaction  of  radical  reactions 
if  the  proper  conditions  exist  (eg,  if 
catalysts  such  as  iron,  which  acceler¬ 
ates  the  reaction  rates,  arc  present). 

Demopoulos  and  his  coworkers 
have  supported  their  free  radical  hy¬ 
pothesis  of  spinal  cord  damage  with 
studies  of  free  radical  or  peroxidation 
chemistry  in  traumatized  spinal  cord 
tissue  from  one  hour  to  six  weeks 
after  miury.  Utilizing  a  4(X)-g/cm  con¬ 
tusion  of  the  cat  spinal  cord,  they 
found  increases  in  tissue  levels  of 
malondialdchyde  (a  byproduct  of  pe- 
roxidized  PUFAsI, and  in  specific 
cholesterol  free  radical  oxidation  prod¬ 
ucts.15  Tissue  content  of  the  anti¬ 
oxidant  ascorbic  acid  was  decreased, 
as  were  the  PUFAs  arachidonate  and 
docosahexanoatc,  and  "extractable" 
cholesterol.14  1  ’ 

Recent  evidence  from  our  laborato¬ 
ry  also  suggests  that  peroxidative  reac¬ 
tions  occur  in  traumatized  cat  spinal 
cord  shortly  after  miury.  Thirty  min¬ 
utes  after  termination  of  five  minutes 
of  compression  trauma,  tissue  levels 
ot  the  endogenous  antioxidant  alpha- 
tocopherol  (vitamin  E)  were  essen¬ 
tially  zero.  Tissue  cholesterol  levels 
tell  11%  after  one  minute  of  compres¬ 
sion,  and  were  15%  below  control 
values  30  minutes  after  termination  of 
five  minutes  ot  compression  (Table  1). 
Also  at  30  minutes  postcompression 
there  was  a  61%  increase  in  the  tissue 
levels  ot  25-hydroxycholesterol,  an 
auto-oxidation  product  of  cholesterol 
(  Fable  II 

In  addition,  we  have  shown  that  lev¬ 
els  ot  the  tree  fatty  acid  (FFAI  arach- 
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TABLE  2.  Aruchidonic  iiad  and  eicnsanoul  levels  in  cut 
spinal  cord  following  compression  injury' 


Control 

1  mint 

5  min* 

5-r  5* 

5  *  15' 

5  i  30' 

Arachidonatef 

0.13  ±0.06 

0.39  ±0.09 

2  65  ±0  39 

2  52  ±0  45 

1  52  ±0  45 

0  34  ±  0  18 

PGE.^II 

0  76  ±0.61 

0  84  ±0  97 

4  77  ±2  94 

21  51  ±  7  26 

20.69  ±  7  43 

20.23  ±  7  31 

PGF 

1  04  ±0  92 

2  30  ±0  63 

2  72  ±  1  45 

10  66  ±511 

13  45  ±2  91 

25  09  ±  6.01 

Prostacyclin'* 

0  46  ±  0  42 

0  78  ±0  42 

2  42  ±2  08 

2  62  ±1  58 

1  87 ±  1  09 

2  22  ±  1  34 

Thromboxane'' 

0  92±0  79 

1.19±0  79 

1  45  ±  0  88 

9  14  ±2  10 

9  39  ±  3  12 

12  69  ±3  35 

SRS-'I1 

ND 

ND 

ND 

ND 

0.925  ±0111 

0  571  ±0  314 

'The  values  are  Ihe  means  of  four  samples  •  SD 

'The  limes  are  control  (laminectomy  t  90  min  stabilization).  1  mm  and  5  mm  of  compression  (170  g).  5  t  5.  5  t  15,  5  t  30  (5  min 
compression  plus  5  15.  or  30  mm  recovery,  respectively) 

'Results  expressed  as  nmol  g.mol  total  lipid  phosphorus 
'Results  expressed  as  pmol  gcmol  sphingomyelin 

(Abbreviations  are  PGE,.  (prostaglandin  E. .)  PGF  (prostaglandin  F  SRS  (slow  reactive  substances,  primarily  leukotrienes  C.,.  D.,. 
and  E  d 


not  detectable 


idnnatc  and  the  products  of  arachi- 
donatc  oxidation  (prostaglandin  E, 
|PGE,|,  F,x  |PC,F,x|,  and  thrombox¬ 
ane  j'fxBj J)  were  elevated  many-fold  in 
cat  spinal  cord  immediately  following 
compression  trauma.  Free  radicals  are 
generated  during  the  oxidative  cata¬ 
bolism  of  arachidonate  that  produces 
the  prostaglandin  endoperoxides,IK 
thereby  adding  to  the  free  radical  load 
of  the  tissue. 

We  have  demonstrated  acute  post- 
traumatic  inflammation  and  pha¬ 
gocytosis  of  neuronal  perikarya  by 
I’MNs  m  spinal  cord  gray  matter.1'' 
Production  of  free  radicals  by  phago¬ 
cytic  PMNs  would  also  add  to  the 
level  of  these  species  in  traumatized 
tissue. 

The  findings  described  serve  to 
demonstrate  that  peroxidative  pro¬ 
cesses  are  operative  in  spinal  cord 
tissue  after  trauma;  however,  the  actu¬ 
al  role  of  these  peroxidative  mecha¬ 
nisms  in  contributing  to  posttrau- 
matic  autodestruction  of  spinal  cord 
tissue  must  be  inferred.  Perhaps  lipid 
peroxidation  is  an  epiphenomenon  or 
merely  a  scavenging  mechanism  of  al¬ 
ready  dead  tissue.  On  the  other  hand, 
lipid  peroxidation  may  actually  con¬ 
tribute  to  posttraumatic  tissue  necro¬ 
sis  and  paralysis  by  participating  in 
the  destruction  of  viable  cells  and 
axons  The  early  onset  of  peroxidative 
reactions  in  traumatized  tissue  (ic, 
within  one  to  five  minutes  pnstiniury) 
is  consistent  with  the  hypothesis  that 
peroxidation  is  occurring  in  viable 


tissue. 

The  argument  that  lipid  peroxi¬ 
dation  actually  damages  tissue  is 
strengthened  when  agents  known  to 
extinguish  free  radical  and  perox¬ 
idative  reactions  can  be  shown  to  pre¬ 
vent  or  reduce  posttraumatic  tissue- 
loss  and  paraplegia.  We  have  demon¬ 
strated  that  one  agent  with  antioxi¬ 
dant  properties,  methylprednisolone 
sodium  succinate  (MPSS),  is  effective- 
in  reducing  posttraumatic  neurologic- 
deficit  and  tissue  loss  in  experimental 
animals.-’"  Cats  were  subjected  to 
compression  trauma  of  the  spinal  cord 
(170  g/5  min).  One  hour  after  injury, 
the  cats  were  given  MPSS  intra¬ 
venously,  15  mg/kg/day  for  two  days 
in  three  divided  doses  per  day;  fol¬ 
lowed  by  MPSS  intramuscularly  15 
mg/kg  for  one  day,  7.5  mg/kg/day  for 
three  days,  and  5.75  mg/kg/day  for 
three  days.  The  total  treatment  period 
was  nine  days.  Steroid-treated  cats 
showed  earlier  and  more  complete  re¬ 
covery  of  neurologic  function  (/’ 
.001)  and  greater  tissue  preservation  (/’ 
.005)  than  did  injured,  untreated 
controls.’"  The  finding  that  the 
glucocorticoid  MPSS  is  a  powerful 
antioxidant  m  large  doses’1  suggests 
that  it  may  exert  its  protective  effect 
on  damaged  spinal  cord  tissue  (in  parti 
by  quenching  tree-radical  induced  per¬ 
oxidative  reactions.  Glucocorticoids 
possess  several  properties  in  addition 
to  their  antioxidant  capabilities.  how 
ever,  all  of  which  could  contribute  to 
the  protection  of  spinal  cord  tissue  fol¬ 


lowing  trauma.  MPSS  is  a  potent  anti¬ 
oxidant,  but  the  extent  to  which  this 
glucocorticoid  reduces  posttraumatic 
tissue  damage  by  antioxidant  mecha¬ 
nisms  remains  unclear  because  of  its 
other  actions. 

We  treated  another  group  of  cats 
orally  with  1 ,000  IU  alpha-tocopherol 
and  50  |xg  selenium  daily  for  five  days 
prior  to  spinal  cord  compression  trau¬ 
ma.  Preliminary  findings  reveal  that 
three  of  five  treated  cats  showed  better 
neurologic  recovery  and  less  tissue  ne¬ 
crosis  than  untreated  controls  (un¬ 
published  study).  The  other  two  treat¬ 
ed  cats  had  a  poor  to  moderate  re¬ 
covery.  Hall  et  al-’-  have  recently  dem¬ 
onstrated  that  pretreatment  of  cats 
with  the  same  regimen  of  alpha- 
tocopherol  and  selenium  prevented 
posttraumatic  ischemia  completely  in 
white  matter  for  the  first  four  hours 
after  injury. 

Unlike  MPSS,  alpha-tocopherol  and 
selenium  appear  to  function  purely 
as  antioxidants  or  radical  scavengers. 
Alpha-tocopherol  intercalates  into  cell 
membranes  and  terminates  the  chain 
reaction  ot  lipid  peroxidation  by  react¬ 
ing  wait  lipid  peroxv  tree  radicals 
to  form  tocopherol  qumoncs  and 
dimers.  M  It  also  acts  as  a  hvdrogen 
donor  or  reducing  agent  lot  lipid  per¬ 
oxides  'l  The  selenium  containing 
cnzvmc  glutathione  peroxidase  helps 
remove  initiators  ol  peroxidation  In 
cn.vmaticallv  inducing  intracellular 
1 1  .() ,  to  11,0,  and  In  inducing  lativ 
acid  hvdinpcioxidcs .  ’ 1  I  hese  studies 
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SPINAL  CORD  INJURY 
Anderson  et  al 


cellular  membranes 


(arachi donate) 


-"susceptible"  < 
phospholipids 


’damaged  cellular 
■  membranes 


(neuronal,  glia,  vascular) 


•  "susceptible"  — ►  lipid 
phospholipids  peroxidation 


membrane  phospholipase  blood  H**  free  radical 

phospholipase (s)  "activators"  in  tissue  "activators” 
(bradvkinin,  thrombin)  (Fe++) 


free  radical 
formation 


prostaglandins 


leukotrienes 

(chemotaxic) 


inflammation  • 


platelet 

aggregation 

vasoconstriction 


■  edema  ischemia  • 


Fig.  Diagram  of  proposed  mechanisms 
damaging  cellular  membranes  subse¬ 
quent  to  trauma  that  leads  to  second¬ 
ary  pathophysiological  events  (ie, 
edema,  ischemia,  and  inflammation), 
tissue  necrosis,  and  paralysis. 


provide  preliminary  evidence  that 
lipid  peroxidation  is  involved  in  post- 
traumatic  destruction  of  viable  spinal 
cord  tissue. 


Lipid  Hydrolysis 

Another  prominent  histological  fea¬ 
ture  of  spinal  cord  injury  is  the  phago¬ 
cytosis  of  neuronal  perikarya  by 
PMNs.1'1  Four  hours  after  compres¬ 
sion  trauma  to  the  spinal  cords  of 
cats,  PMNs  were  apparent  in  the  walls 
of,  and  adjacent  to,  veins  and  venules, 
but  great  numbers  of  PMNs  were  not 
observed  in  tissue  until  eight  to  24 
hours  after  miury.  Acute  inflamma¬ 
tion  was  especially  prominent  in  areas 
of  hemorrhage,  and  in  these  areas 
PMNs  frequently  surrounded  and 
phagocytized  neuronal  somata.  This 
phagocytosis  of  neurons  indicated  that 


150819 


,  membrane  phospholipid 
fragmentation 


membrane  destruction 


paraplegia 


chemotactic  factors  were  liberated 
from  neurons  following  spinal  cord 
trauma.  Potential  chemotactic  factors 
include  oxygenated  fatty  acids  gener¬ 
ated  by  free-radical  reactions,  or  leu¬ 
kotrienes  generated  from  free  arach- 
idonic  acid  by  lipoxygenase. 

The  finding  of  an  acute  inflammato¬ 
ry  reaction  in  traumatized  spinal  cord 
tissue  suggests  the  possibility  of  a 
trauma-induced  activation  of  mem¬ 
brane  lipases.  These  lipases  would  hy¬ 
drolyze  membrane  phospholipids, 
thereby  liberating  arachidonic  acid 
(and  other  fatty  acids)  to  serve  as  the 
substrate  for  cyclooxygenase  and 
lipoxygenase.  We  have  shown  that  im¬ 
mediately  after  compression  trauma 
to  the  spinal  cords  of  cats,  there  is 
substantial  lipid  hydrolysis,  demon¬ 
strated  by  increased  levels  of  FFAs  and 
prostaglandins  in  the  traumatized 
tissue.  Of  the  individual  FFAs  assayed, 
arachidonic  acid  had  the  largest  rela¬ 
tive  increase  120-fold  after  tive  min¬ 
utes  of  compression!  (Table  21. 

Tissue  prostaglandin  levels  were  tin 
altered  during  five  minutes  ot  com 
pression  injury  | Table  2),  however. 
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-  lipid 
hydroperoxides 


within  five  minutes  postcompression, 
PGE,  and  PGF,*  were  elevated  24- 
and  UM'old,  respectively.  After  20  min¬ 
utes,  the  tissue  PGF,*  concentration 
had  risen  24-fold  above  preiniury  lev¬ 
els.  Thromboxane  levels  also  were  in¬ 
creased  10-fold  within  five  minutes 
after  release  from  five  minutes  ot 
compression  (Table  21.  There  were  no 
significant  changes  in  tissue  pros¬ 
tacyclin  levels  during  the  20-minute 
post  compression  period. 

We  found  recently  that  slow  reac¬ 
tive  substances  (SRS;  ie,  leukotrienes 
C4,  1),,  and  E.,1  were  substantially  ele¬ 
vated  in  traumatized  spinal  cord 
tissue.  These  lipoxygenase  products 
increased  from  undetectable  levels  in 
unmiured  tissue  to  0.9  pmol  by  15 
minutes  after  termination  of  five  min¬ 
utes  ot  compression  (Table  21.  This 
finding  indicates  that  both  the  cyclo¬ 
oxygenase  and  lipoxygenase  pathways 
are  operative  in  traumatized  spinal 
cord  tissue  and  that  products  from 
either  mav  contribute  to  the  initiation 
or  propagation  |or  both'  ol  post- 
traumatic  spinal  cord  ischemia, 
edema,  and  inflammation. 
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TISSUE  AUTODESTRUCTION: 

A  HYPOTHESIS 

Our  hypothesis  of  the  mechanism 
leading  to  the  autodestruction  of  spi¬ 
nal  cord  tissue  begins  with  the  trau¬ 
matic  disarrangement  of  neuronal, 
glial,  and  endothelial  cell  membranes 
(Figure!.  This  mechanical  perturbation 
of  cell  membranes  could  dislocate  or 
decompartmentalize  endogenous  cel¬ 
lular  iron  and/or  Ca2  •  from  inactive 
stores  and  activate  membrane  lipases. 
Subsequent  to  the  initial  traumatic 
event,  Fe-  • ,  hematin,  and  other  free- 
radical-generating  hemoglobin  degra¬ 
dation  products  extravasate  into  spi¬ 
nal  cord  tissue,  thereby  accelerating 
the  free-radical-induced  lipid  peroxida¬ 
tion  of  membrane  PUFAs  and  choles¬ 
terol.  Additionally,  clotting  factors 
|such  as  thrombin)  and  products  of  co¬ 
agulation  (bradykinin)  extravasate  into 
spinal  cord  parenchyma  with  blood 
(along  with  the  Ca2 '  mobilization  in 
cells  and  the  production  of  free  radi¬ 
cals),  and  support  the  activation  of 
membrane  lipases  and  the  liberation 
of  fatty  acids,  including  arachido- 
nate.  This  stimulation  of  membrane 
lipases,  together  with  the  loss  of 
membrane  cholesterol  and  lipids  by 
auto-oxidation,  can  damage  cells  by 
altering  membrane  structure  and  per¬ 
meability.  These  membrane  altera¬ 
tions  could  account  for  the  rapid  de¬ 
crease  in  extracellular  Ca2  '  and 
intracellular  K  *  that  is  seen  after  in¬ 
jury.24  Edema  formation  caused  by  m- 
lury  of  the  spinal  cord  micro¬ 
vasculature  could  be  exacerbated  by 
the  liberated  PUFAs  (particularly 
arachidonate)  and  by  certain  of  the 
leukotrienes. 

Arachidonic  acid  is  metabolized  by 
lipoxygenase  to  produce  leukotrienes 
and  by  cyclo-oxygenase  to  produce 
prostaglandins.  Certain  of  the  leuko¬ 
trienes  may  be  the  chemotaxins  re¬ 
sponsible  for  the  migration  to,  and 
phagocytosis  of,  neurons  by  PMNs.  In 
addition,  both  leukotrienes  and  pros¬ 
taglandins  are  vasoactive. |K  ’  ’  Throm¬ 
boxane  is  a  potent  vasoconstrictor 
that  promotes  platelet  aggregation, 
whereas  prostacyclin  is  a  vasodilator 
and  antiaggregnnt.1*  Thus  the  post- 
traumatic  decrease  in  spinal  cord 
blood  flow  may,  in  part,  be  due  to 
platelet  thrombi  and  vasoconstriction 
that  are  consequent  to  the  increase  in 
thromboxane  synthesis  relative  to 
that  of  prostacyclin. 

The  lack  of  piostaeyclin  synthesis 
mav  derive  from  the  inactivation  ot 
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endothelial  prostacyclin  synthetase  hv 
lipid  hydroperoxides.-’'’  The  nidus  tor 
the  formation  ot  platelet  thrombi 
could  be  crater-iike  lesions  in  the  en¬ 
dothelial  membrane  caused  by  tree 
radical  reactions.”  Posttraumatic 
vasoconstriction  of  the  spinal  cord 
vasculature  also  could  be  enhanced  by 
elevated  levels  of  PGF,7  and  SRS. 

Therefore  we  suggest  that  the  pri¬ 
mary  site  of  early  cellular  damage  fol¬ 
lowing  spinal  cord  injury  may  be  the 
plasma  membrane.  Resulting  from, 
and  contributing  to,  this  membrane 
injury  is  a  potential  cascade  of  interre¬ 
lated  pathochemical  events  that  could 
play  a  prominent  role  in  the  post- 
traumatic  autodestruction  of  spinal 
cord  tissue. 


EXPERIMENTAL  THERAPIES 

As  discussed  above,  the  synthetic 
glucocorticoid  MPSS,  or  the  antioxi¬ 
dants  alpha-tocopherol  and  selenium, 
enhanced  neurologic  recovery  in  cats 
subjected  to  spinal  cord  compression 
injury.  In  addition,  there  are  other,  ap¬ 
parently  unrelated,  substances  that 
have  been  effective  in  reducing  the 
posttraumatic  neurological  deficit  of 
experimental  animals.  De  la  Torre  re¬ 
ported  that  the  solvent  dimethyl  sul¬ 
foxide  (DMSOi  accelerated  motor  re¬ 
covery  in  dogs  subjected  to  impact 
trauma.2*  The  opiate  antagonist 
naloxone  also  has  been  shown  to  be 
effective  in  improving  neurological  re¬ 
covery  following  impact  trauma  in 
cats.2'242  In  addition,  naloxone  signifi¬ 
cantly  improved  posttraumatic  blood 
flow  in  both  gray111  and  white  mat¬ 
ter,  and  preserved  somatosensory- 
evoked  potentials  following  trau¬ 


ma.  ’2  44  Recently  Faden  and  his  co¬ 


workers  demonstrated  that  treatment 
with  the  neuropeptide  thyrotropin-re- 
leasing  hormone  (TRH)  enhanced  neu¬ 
rologic  recovery  from  spinal  cord  inju- 
ry  in  cats.44  Their  data  indicated 
that  TRFF  was  more  effective  than 
either  naloxone  or  dexamethasone  in 
promoting  posttraumatic  neurologic 
recovery. ' ' 

The  mechanisms  underlying  the  ef¬ 
fectiveness  of  this  diverse  group  ot 
agents  are  unknown.  There  may  exist 
a  commonality  among  these  com 
pounds  that  is  not  mimediatelv  appar¬ 
ent.  As  indicated  earlier,  MPSS  and 
alpha-tocopherol  and  selenium  are 
potent  antioxidants.  Naloxone  has 
been  shown  to  inhibit  iron-catalvzed 
peroxidation  in  liposomes,  which  sug¬ 
gests  that  this  opiate  antagonist  can 
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act  as  an  antioxidant  m  circumstances 
involving  metal-catalyzed  lipid  perox¬ 
idation.'''  DMSO  is  also  purported  to 
be  a  tree  radical  scavenger. '' !s  The 
data  permit  speculation  that  these 
agents  may  be  acting,  at  least  in  part, 
through  a  common  mechanism  to  re¬ 
tard  the  effects  of  spinal  cord  injury, 
by  quenching  the  peroxidative  reac¬ 
tions  associated  with  this  imury.  It  has 
been  demonstrated  that  binding  of 
TRH  results  in  great  changes  in  the 
fluidity  of  the  lipid  region  of  pituitary 
membrane,4''  but  it  remains  to  be  de¬ 
termined  whether  TRH  has  any  anti¬ 
oxidant  potential. 

Also  to  be  determined  is  the  effec¬ 
tiveness  of  these  agents  (and  perhaps 
others)  in  ameliorating  the  effects  ot 
spinal  cord  injury  in  human  beings.  It 
may  be  that  individual  pharmacologic 
agents  are  not  maximally  effective, 
perhaps  combinations  ot  these  (or 
otherl  agents  will  be  necessary.  Our 
data  demonstrate  that  membrane  lipid 
changes  begin  within  one  to  five  min¬ 
utes  of  injury.  This  suggests  that,  tor 
maximum  effectiveness,  any  therapy 
should  be  started  as  soon  as  possible 
after  imury,  le,  at  the  accident  site.  As 
the  understanding  ot  the  basic  pa¬ 
thophysiology  of  spinal  cord  imury  in¬ 
creases,  and  as  the  need  tor  early  and 
intensive  pharmacologic  therapy  is  ap¬ 
preciated,  substantial  improvement  in 
the  neurologic  recovery  of  spinal  cord 
injury  victims  should  be  expected. 
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Motor  Vehicle  Safety 


/This  document  was  developed  by  the  American  College  of  Emergency  Phy¬ 
sicians  Public  Relations  Committee,  and  was  approved  by  the  Board  of  Di¬ 
rectors  on  April  25.  19B5.  American  College  of  Emergency  Physicians:  Motor 
vehicle  safety,  position  paper.  Ann  Emerg  Med  August  19R5;  14:R22-H23.f 

Emergency  physicians  are  usually  the  first  medical  professionals  to  treat 
victims  of  motor  vehicle  accidents.  Frequently  they  also  minister  to  the  fam¬ 
ilies  of  victims  who  have  died  or  suffered  permanent  injury. 

In  response  to  this  human  loss  and  tragedy  witnessed  by  emergency  physi¬ 
cians  every  day,  the  American  College  of  Emergency  Physicians  (ACEP)  has 
adopted  the  position  that  traffic  safety  measures  must  be  mandated  and 
enforced  when  possible.  Safety  laws  are  not  an  infringement  on  individual 
rights;  they  are  a  means  to  reduce  the  morbidity  and  mortality  rates  stem¬ 
ming  from  motor  vehicle  accidents,  and  to  permit  reallocation  of  society's 
resources  to  more  beneficial  programs. 

The  following  laws  or  regulations  should  be  enacted  and  enforced: 

•  Require  motorcyclists  and  riders  on  all  other  similar  vehicles,  including 
but  not  limited  to  mopeds,  bicycles,  snowmobiles,  and  all-terrain  vehicles,  to 
wear  helmets. 

•  Require  motor  vehicle  drivers  and  passengers  to  wear  seat  belts. 

•  Require  passive  restraints  in  all  new  car  models  manufactured  after  Sep¬ 
tember  1,  1989. 

•  Require  that  all  children  under  age  4  or  under  40  pounds  be  restrained  in 
approved  child  restraint  seats  whenever  riding  in  a  motor  vehicle. 

•  Require  for  drunk  drivers  a  combination  of  mandatory  rehabilitation  pro¬ 
grams  and  mandatory  legal  sanctions,  such  as  suspension  of  the  driver's  li¬ 
cense  or  a  defined  jail  sentence. 

•  Establish  a  national  legal  drinking  age  of  21. 

•  Support  "dram  shop"  laws  that  establish  liability  against  any  person  who 
serves  alcoholic  beverages  to  an  individual  who  is  visibly  intoxicated. 

•  Prohibit  consumption  of  alcoholic  beverages  in  motor  vehicles. 

•  Prohibit  possession  of  open  alcoholic  beverage  containers  in  the  pas¬ 
senger  compartments  of  motor  vehicles. 

•  Create  a  dedicated  funding  source  within  states  and  municipalities  from 
I)U1  offender  fines  and  fees  to  increase  efforts  in  enforcement,  prosecution, 
adjudication,  education,  and  treatment  of  offenders. 

•  Establish  an  "implied  consent"  statute  that  provides  that  all  licensed  driv¬ 
ers  have  given  their  consent  to  blood,  breath,  or  urine  tests  that  will  deter¬ 
mine  alcohol  or  drug  concentrations. 

•  Permit  police  officers  to  use  preliminary  breath  tests,  and  permit  these 
tests  to  be  admitted  as  evidence  in  DUI  trials. 

•  Require  mandatory  testing  of  alcohol  and  drug  levels  of  all  fatally  injured 
drivers  and  all  drivers  who  are  involved  in  a  fatal  or  serious  personal  injury 
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crash  in  which  there  is  probable  cause  to  suspect  substance 
abuse. 

ACEP  is  strongly  committed  not  only  to  legislation  on 
these  issues,  but  also  to  the  following: 


•  Public  education  and  awareness  programs. 

•  Education  and  awareness  programs  for  physicians  and 
other  health  care  professionals. 


•  Research  to  determine  the  causes  of  automobile  acci¬ 
dent  morbidity  and  mortality,  to  identify  measures  to  re¬ 
duce  this  morbidity  and  mortality,  and  to  monitor  the  effec¬ 
tiveness  of  public  education  programs  and  the  impact  of 
legislation. 

ACEP  encourages  its  members,  as  physicians  and  cit¬ 
izens,  to  take  the  lead  in  motor  vehicle  safety  activities  at 
the  local,  state,  and  national  levels. 
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Proposed  Amendments  to  the 
American  College  of  Emergency  Physicians 
Constitution  and  Bylaws 


Prepared  for  the  ACEP  Council  Meeting,  September  7-8, 1985,  Las  Vegas,  Nevada. 

(Underlined  information  in  the  body  of  a  resolution  denotes  a  proposed  addition ;  information  lined  out  denotes  a 
proposed  deletion.) 


RESOLUTION  I:  Councillor  Allotment 

Whereas.  The  ideal  and  fairest  form  of  representation  is  a  bicameral  system  with  one  part  being  elected  based  on  population  (House  of 
Representatives  model]  and  one  part  being  elected  based  on  geography  (Senate  model);  and 
Whereas,  The  only  elected  representation  from  chapters  in  the  American  College  of  Emergency  Physicians  is  based  on  population;  and 
Whereas.  The  cost  of  a  bicameral  system  would  be  prohibitive  for  the  American  College  of  Emergency  Physicians;  therefore  be  it 
RESOLVED.  That  Council  membership  be  provided  by  a  sliding  scale  based  on  population  using  the  following  formula:  Each  chapter  shall 
elect  one  councillor  for  each  75  members  for  the  first  300  chapter  members,  and  each  chapter  shall  elect  one  councillor  for  each  100  members 
for  the  next  400  members,  and  each  chapter  shall  elect  one  councillor  for  every  150  members  over  701;  and  be  it  further 
RESOLVED,  That  the  ACEP  Constitution,  Article  V,  Section  1,  be  amended  to  reflect  the  above  resolution. 

Submitted  by:  Hawaii  Chapter 


RESOLUTION  2:  Submission  of  Resolutions 


Whereas.  The  Council  of  the  American  College  of  Emergency  Physicians  must  act  on  all  resolutions  submitted  to  it  according  to  the  ACEP 
Constitution  and  Bylaws;  and 

Whereas.  Many  resolutions  are  submitted  to  the  Council  after  the  mandated  time  frame  (emergency  resolutions)  specified  in  the 
Constitution  and  Bylaws,-  and 

Whereas.  These  last-minute  resolutions  tend  to  disrupt  the  orderly  function  of  the  formal  Council  meeting;  therefore  be  it 

RESOLVED.  That  the  ACEP  Constitution,  Article  V  Section  4,  be  amended  to  require  that  resolutions  submitted  after  the  time  frame 
stated  in  the  Constitution  and  Bylaws  must  be  submitted  to  the  Steering  Committee  for  review  at  their  meeting  immediately  prior  to  the 
annual  Council  meeting;  and  be  it  further 

RESOLVED.  That  the  Steering  Committee  will  evaluate  the  need  to  submit  the  resolution  to  the  Council  during  that  year's  annual 
meeting;  and  be  it  further 

RESOLVED.  That  if  the  Steering  Committee  deems  the  resolution  not  to  be  of  an  emergency  nature,  it  may  postpone  action  on  the 
resolution  to  the  next  annual  meeting,  and  will  consider  the  resolution  formally  submitted  for  the  next  annual  meeting;  and  be  it  further 

RESOLVED.  That  emergency  resolutions  submitted  on  the  floor  of  the  Council  be  handled  as  currently  described  in  the  Constitution  and 


Bylaws. 

Submitted  by:  Council  Steering  Committee 


RESOLUTION  3:  Board  Action  on  Council  Resolutions 


Whereas.  The  American  College  of  Emergency  Physicians  Constitution  is  unclear  on  what  action  the  Board  of  Directors  may  take  if  it 
wishes  to  amend  a  Council  resolution  in  order  to  add  clarity  to  the  language  referred  by  the  Council;  and 

Whereas.  This  has  caused  confusion  when  the  Board  has  desired  to  amend  a  Council  resolution;  and 

Whereas.  Sometimes  resolutions  referred  to  the  Board  by  the  Council  are  unclear  in  intent  and  the  Council  officers  are  unable  to  interpret 
the  specific  actions  requested  by  the  Council;  therefore  be  it 

RESOLVED.  That  the  ACEP  Constitution,  Article  VI,  Section  1,  be  amended  to  read:  The  Council  shall  have  the  right  and  power  to  advise 
and  to  instruct  the  Board  of  Directors  regarding  any  matter  that  might  affect  the  College.  The  Board  of  Directors  shall  be  required  to  comply 
with  and  implement  any  and  all  resolutions,  actions,  or  appropriations  enacted  by  the  Council,  except  that  the  Board  of  Directors  may 
overrule  or  amend  such  instructions  by  a  three-quarters  vote  of  all  of  the  Board  of  Directors  provided  that  such  an  amendment  shall  not 
change  the  intent  or  basic  content  of  the  resolution.  Such  overruling  actions  to  overrule  or  amend  shotdd  shall  include  the  positions  mid  vote 
of  each  member  of  the  Board  of  Directors  and  the  position  of  the  majority  and  be  presented  at  the  next  meeting  of  the  Steering  Committee 
Council  prior  to  elections  for  the  Board  of  Directors  The  Steering  Committee  may  approve  the  language  of  the  Board,  in  which  ease  the 
resolution  becomes  complied  with  and  implemented. 


Further,  if  the  Steering  Committee  disapproves  of  the  language  of  the  Board,  the  resolution  is  considered  overruled  and  is  returned  to  the 
Council  at  the  next  annual  meeting. 
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The  Board  of  Directors  must  respond  to  all  questions  presented  by  the  Council  within  such  time  and  manner  as  the  Council  shall  determine, 
except  that  the  Board  of  Directors  may  postpone  action  on  Council  resolutions  for  no  more  than  one  Board  meeting. 

Submitted  by:  Council  Steering  Committee 

RESOLUTION  4:  Council  Officers  as  Voting  Board  Members 

Whereas,  The  speaker  and  vicc-speaker  are  important  leaders  of  the  College;  and 

Whereas,  The  speaker  and  vice-speaker  currently  attend  all  Board  meetings  but  are  without  a  vote  or  the  privilege  of  making  motions;  ami 
Whereas,  Participation  by  the  speaker  and  vice-speaker  in  Board  activity  is  essential  to  the  operation  of  the  College,-  therefore  be  it 
RESOLVED,  That  the  ACEP  Constitution,  Article  VII  —  Officers  and  Board  of  Directors,  Section  2  —  Board  of  Directors,  be  amended  by 
addition  to  read:  The  management  and  control  of  the  College  shall  be  vested  in  the  Board  of  Directors,  subject  to  the  restrictions  imposed  by 
the  Constitution  and  Bylaws.  The  Board  shall  consist  of  12  elected  members  and  plus  the  immediate  past  president,  except  that  the  Board 
may  consist  of  only  12  elected  members  when  the  immediate  past  president  serves  as  such  within  his  term  as  an  elected  Board  member. 
Additionally,  the  speaker  and  vice-speaker  shall  serve  as  ex  officio  members  of  the  Board  with  full  voting  privileges.  If  a  member  of  the  Board 
of  Directors  is  elected  to  the  office  of  president-elect  in  his  final  year  of  his  elected  Board  of  Directors  term  of  office,  then  he  shall  also  be  a 
member  of  the  Board  in  his  term  as  President  and  past  president.  In  no  instance  may  an  elected  member  of  the  Board  of  Directors  sit  as  a 
member  of  the  Council,  and  if  a  councillor  should  be  elected  to  the  Board  of  Directors,  he  shall  forfeit  his  office  in  the  Council  immediately 
and  the  vacancy  shall  be  filled  as  provided  in  the  Bylaws. 

Submitted  by:  Council  Steering  Committee 

RESOLUTION  5:  Speaker  as  Voting  Board  Member 

Whereas.  The  Council  of  the  American  College  of  Emergency  Physicians  may  be  the  most  important  advisory  and  decision-making 
organization  in  the  American  College  of  Emergency  Physicians;  and 

Whereas,  The  Council  lacks  voting  representation  on  the  Board  of  Directors;  and 

Whereas,  The  speaker  of  the  Council  is  elected  by  the  Council  to  represent  the  Council  in  matters  before  the  Board;  therefore  be  it 
RESOLVED,  That  the  speaker  of  the  Council  be  a  full  voting  member  of  the  American  College  of  Emergency  Physicians  Board  of 
Directors;  and  be  it  further 

RESOLVED,  That  the  ACEP  Constitution,  Article  VII,  Section  4,  be  amended  to  reflect  the  above  resolution. 

Submitted  by:  Hawaii  Chapter 

RESOLUTION  6:  Speaker  on  Executive  Committee 

Whereas.  The  ACEP  Constitution  specifies  that  there  are  six  officers  of  the  College  —  President,  vice-president,  president -elect,  secretary- 
treasurer,  speaker,  and  vice-speaker;  and 

Whereas,  The  ACEP  Constitution  specifies  that  the  Board  of  Directors  may  appoint  an  Executive  Committee  consisting  of  the  President, 
president-elect,  secretary-treasurer,  vice-president,  and  immediate  past  president  to  act  on  behalf  of  the  Board  subicct  to  ratification  by  the 
Board  at  its  next  meeting;  and 

Whereas,  The  ACEP  Bylaws  states  that  the  speaker  shall  strive  to  inform  the  councillors  of  the  activities  of  the  College,  and 
Whereas,  The  speaker  should  be  a  member  of  the  Executive  Committee  like  other  officers  of  the  College;  therefore  be  it 
RESOLVED,  That  the  ACEP  Constitution,  Article  VII  —  Officers  and  Board  of  Directors,  Section  4  —  Executive  Committee,  be  amended 
by  addition  to  read:  The  Board  of  Directors  may  appoint  an  Executive  Committee  consisting  of  the  President,  president-elect,  secretary- 
treasurer,  the  vice-president,  and  the  past  president,  and  speaker.  The  Executive  Committee  shall  have  the  authority  to  act  on  behalf  of  the 
Board  subiect  to  ratification  by  the  Board  at  its  next  meeting. 

Submitted  by:  Council  Steering  Committee 

RESOLUTION  7:  Robert's  Rules  of  Order 

Whereas,  Robert's  Rules  of  Order  is  more  widely  published  and  understood  than  Sturgis.  Standard  Code  nt  Parliamentary  I’rnccthirc, 
which  is  currently  the  parliamentary  authority  for  meetings  of  the  College  and 

Whereas,  one  previous  Council  meeting  lacked  a  parliamentarian  because  none  familiar  with  Sturgis  was  available,  therefore  be  it 
RESOLVED.  That  Chapter  X,  Section  S,  of  the  ACEP  Bylaws  be  amended  by  the  substitution  of  Robert's  Rules  of  Order  for  Sturgis. 
Standard  Code  of  Parliamentary  Procedure 
Submitted  by:  Thomas  Stair,  MD 
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/Editor's  Note:  The  following  12  abstracts  will  be  presented  at  the  AC  El'  Scientific  Assembly  in  l.as  Vegas  on  Tuesday, 
September  10,  from  noon  to  2  pm  and  Wednesday,  September  11,  from  noon  to  2  pm.  The  Scientific  I'orum  is  scheduled  to 
accommodate  a  question  and  answer  period  following  each  presentation.  All  presentations  will  be  eligible  for  the  S  1.000 
Micromedex  Award  for  best  Original  Scientific  Paper,  and  all  resident  presentations  are  eligible  for  the  $250  Annals  Award 
for  Best  Resident  Paper./ 


1  Regional  Blood  Flow  During  External  CPR 
Following  Hypothermia-Induced  Cardiac 
Arrest 

PA  Manmgas  (presenter),  LR  DeGuzman.  SJ  Hollenbach.  KA  Volk, 
RF  Bellamy  /  Division  of  Combat  Casualty  Care,  letterman  Army 
Institute  of  Research.  Presidio  of  San  Francisco.  California 
Controversy  still  remains  over  the  efficacy  of  CPR  in  the 
pulseless,  hypothermic  patient.  We  evaluated  organ  blood  flow 
produced  hy  closed-chest  CPR  in  15  chronically  instrumented, 
immature  gilt  swine  weighing  between  19  kg  and  27  kg.  In  8  ani¬ 
mals,  CPR  followed  normothermic  KCl-induced  cardiac  arrest  (1 
mEq/kgl.  Seven  animals  underwent  surface  cooling  at  a  rate  of  S 
C  to  6  C/hr  until  cardiac  arrest  occurred.  The  mean  temperature 
at  the  time  of  arrest  was  22  ±  2  C,  with  a  mean  cooling  time  of 
169  ±  47  minutes.  Chest  compressions  were  delivered  trans¬ 
versely  by  a  pneumatic  chest  compression  device  (Michigan  In¬ 
struments,  Inc|  at  a  rate  of  60  strokes/minute  and  a  piston  stroke 
of  2  inches  with  compression  lasting  one-half  of  the  massage  cy¬ 
cle  Approximately  4  x  10*  15  u  radiomicrospheres  labeled  with 
hhru,  ->*Sc,  ’’lCr,  or  mCe  were  injected  during  the  un¬ 
anesthetized,  basal  state  and  5  and  20  minutes  following  the  ini¬ 
tiation  of  CPR.  After  5  minutes  of  hypothermic  CPR,  cardiac  out¬ 
put  and  cerebral  and  myocardial  blood  flows  were  (mean  ±  SI)): 
15.4  ±  7.5  mL/min/kg,  0.16  t  0.11  mL/min/g,  and  0.20  ±  0.15 
mL/min/g,  respectively.  These  flows  were  50%,  5.6%,  and  41% 
(respectively!  of  those  produced  during  CPR  in  normothermic 
animals,  and  77, ,,  15%,  and  8%  (respectively)  of  the  flow  pro¬ 
duced  in  the  unanesthetized,  prearrest  state  Blood-flow  during 
hypothermic  CPR  did  not  change  significantly  over  time.  During 
normothermic  CPR,  however,  cardiac  output  and  cerebral  and 
myocardial  blood  flows  decreased  so  that  at  20  minutes  there 
were  no  significant  differences  from  those  values  obtained  in 
hypothermic  animals.  The  tolerance  of  the  hypothermic  brain 
and  heart  to  the  low  perfusion  state  produced  during  external 
chest  compression  is  undefined.  These  low  organ  blood  flows 
may  meet  sufficiently  the  reduced  metabolic  demands  of  the 
hypothermic  brain  and  heart.  Studies  are  now  in  progress  to  eval¬ 
uate  the  effect  of  CPR  versus  no  CPR  on  rcsuscitahility  and  neu¬ 
rologic  outcome  following  prolonged  hypothermic  circulatory  ar 


with  chest  pain  is  difficult.  Two  hundred  ventilation/perfusion 
(V/Q)  scans  in  patients  less  than  40  years  old  were  reviewed. 
Charts  were  selected  at  random  from  the  V/Q  files  of  the  pre¬ 
vious  IS  years.  Thirty-one  historical,  clinical,  and  laboratory 
values  were  evaluated.  The  alveolar-arteriolar  l A-a  1  gradient  was 
evaluated  as  a  screening  test  prior  to  V/Q  scanning.  Intermittent 
chest  pain,  pain  resolving  prior  to  V/Q  scan,  or  respiratory  pro¬ 
drome  were  seen  only  in  patients  without  PE  (46  of  182).  Of  pa¬ 
tients  with  PE,  50%  (9  of  18)  had  a  history  of  previous  PE,  DVT 
or  immobilization,  versus  12%  (22  of  182)  of  patients  without  PE 
I’ <■  .001).  Of  patients  with  PE,  50%  (9  of  18)  had  signs  of  phlebitis 
on  examination,  versus  18%  y44  of  182)  of  those  without  PE  (P  < 
.01).  An  abnormal  chest  radiograph  showing  infiltrate  or  effusion 
was  present  in  50%  of  patients  |9  of  18)  with  PE  and  90%  of  pa¬ 
tients  (25  of  28)  with  pneumonia.  Effusions  or  infiltrates  were 
seen  in  only  6.5%  of  the  remaining  patients  {10  of  154).  These 
differences  were  statistically  significant  (/’  •  .001).  The  incidence 
of  effusion  was  not  statistically  different  between  pneumonia  and 
PE.  Infiltrates,  however,  were  most  likely  found  in  pneumonia  (/’ 
'  .0011.  The  A-a  gradient  was  not  found  to  be  discriminatory  tor 
PE  in  the  absence  of  other  findings.  Higher  A-a  gradients  (  -  45| 
were  more  suggestive  of  serious  pathology  (PE  or  pncumonial 
than  of  less  serious  illness  | /’  ■  01)  High  A-a  gradients,  however, 

occurred  in  all  diagnostic  categories.  The  elevated  A-a  gradient  is 
not  by  itself  an  indication  for  V/Q  scanning  in  the  young  adult. 
The  A-a  gradient  should  accompany  a  history  of  PE/DVT  immo¬ 
bilization,  evidence  of  phlebitis,  or  abnormal  chest  radiograph  be¬ 
fore  V/Q  scanning  is  considered.  This  combination  would  have 
detected  94%  ol  PE  1 1 7  ot  IK)  in  out  series 


2  The  Arteriolar  Alveolar  Gradient  and 
High-Yield  Factors  for  Ventilation 
Perfusion  Scanning  in  Young  Adults 

A  ( joivol!  (pro-  onion  M  Wonm.irt  J  Clinton  I  Mm/  Uop.irtmunt 
ot  Lmurqonoy  Modic.irie  Honno|no  County  Morlu-.il  Ontnr 
Minneapolis  Minnesota 

The  exclusion  ol  pulmonary  embolism  t PI- -I  in  young  adults 


3  The  Effect  of  Graded  Doses  of  Epi¬ 
nephrine  on  Regional  Brain  Blood  Flow 
During  Cardiopulmonary  Resuscitation 

CG  Brown  (prusontur)  HA  Wurman  HI  Hamlin  J  Hobson  J 
As,! ilon  Division  of  LmetqotKy  Mocfiono  Department  ol 
Votennnry  Physiology  and  Pharmacology  and  Department  ot 
Preventive  Medicine  Ohio  State  University  Columbus  Ohio 

We  recently  reported  that  t)  2  mg  kg  ot  epinephrine  |E!  admin- 
isteted  peripherally  following  a  III  minute  cardiac  arrest  in  a  por 
1 1 He  model  significantly  increased  brain  blood  (low  compared  to  a 
"standard''  dose  ot  (I  (I.1  mg  kg  Following  tl  2  mg  kg  ol  E  during 
(  I’R.  blood  How  increased  significantly,  and  ranged  trnm  62%  ot 
base  line  to  the  cerebral  cortex  to  d  V'„  ol  baseline  to  the  cervical 
coni  In  mil  i uncut  study  using  the  same  experimental  model, 
we  sought  to  deli  inline  whether  the  penpheral  administration  ot 
d  mg  kg  ot  1  during  (.  I'll  could  lutthet  improve  regional  brain 
bio, nl  (low  ou  r  ih.it  so  n  with  II  .’  mg  kg  ol  I  Fight  swme  weigh 
mg  It'S  to  ’ll.’  kg  wen  t.indomi.ol  to  icicicc  either  l  PR  plus 
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0.2  mg/kg  of  E  or  CPR  plus  2.0  mg/kg  of  E  through  a  peripheral 
IV  line.  AH  animals  were  instrumented  for  cerebral  blood  flow 
(CBF)  measurements  using  radioactively  labeled  tracer  micro¬ 
spheres.  Baseline  measurements  were  made  during  normal  sinus 
rhythm  (NSRI.  Ventricular  fibrillation  (VF|  then  was  induced.  Fol¬ 
lowing  10  minutes  of  VF,  CPR  was  begun  with  a  pneumatic  com¬ 
pressor  (Michigan  Instruments,  Inc).  CBF  was  measured  during 
CPR.  At  the  end  of  3  minutes  of  CPR,  E  was  administered.  One 
minute  after  E  administration  CBF  was  measured  again.  A 
Wilcoxon  rank  sum  test  was  used  to  compare  blood  flow  between 
the  two  groups.  P  values  <  .05  were  considered  statistically  sig¬ 
nificant.  The  regional  CBFs  during  CPR  +  E  are  reported  as  a  per¬ 
centage  of  NSR  blood  flow.  The  regional  CBFs  for  the  0.2-mg  and 
2.0-mg  groups,  respectively,  were:  left  cerebral  cortex,  0.47  versus 
0.50;  right  cerebral  cortex,  0.48  versus  0.50;  cerebellum,  0.70  ver¬ 
sus  1.03;  midbrain/pons,  0.86  versus  0.88;  medulla,  0.78  versus 
1.34;  and  cervical  spinal  cord,  0.93  versus  1.21.  All  comparisons 
between  groups  for  each  organ  measured  had  P  values  >  .05. 
While  there  was  no  statistically  significant  improvement  in  re¬ 
gional  brain  blood  flow  seen  with  this  higher  dose  of  E,  there  was 
a  trend  in  our  data  that  demonstrated  improved  blood  flow  to 
more  caudal  CNS  structures.  Our  preliminary  report  suggests 
that  higher  doses  of  E  may  further  improve  CBF.  Further  studies 
with  larger  sample  sizes  will  be  required  to  verify  this  statis¬ 
tically 


4  The  Relationship  of  Hemodynamic 

Parameters  to  Neurologic  Outcome  from 
Cardiac  Arrest  in  the  Animal  Model 

JC  Bniiman  (presenter)  AB  Sanders.  CW  Oito.  H  Fahmy,  S 
Bragg.  GA  Ewy  /  Sections  of  Emergency  Medicine  and 
Cardiology  and  the  Department  of  Anesthesiology,  University  of 
Arizona  Health  Sciences  Center,  Tucson.  Arizona 


Several  studies  in  the  literature  have  demonstrated  that  specif¬ 
ic  hemodynamic  parameters,  the  aortic  diastolic  and  myocardial 
perfusion  pressures,  are  correlated  with  resuscitahility  from  car¬ 
diac  arrest  in  the  animal  model.  The  relationship  of  these  pres¬ 
sures  to  24-hour  survival  and  neurologic  deficit  is,  however,  un¬ 
known.  Therefore  a  study  was  done  to  determine  the  correlation 
of  hemodynamic  parameters  to  24-hour  neurologic  outcome.  Ven¬ 
tricular  fibrillation  was  electrically  induced  in  18  dogs.  After  3 
minutes  standard  CPR  was  begun.  Dogs  were  given  phen¬ 
ylephrine  or  epinephrine  at  9  minutes,  and  defibrillation  was  at¬ 
tempted  at  12  minutes  Dogs  underwent  hemodynamic  monitor¬ 
ing  and  pharmacologic  support  during  a  critical  care  period  for  90 
minutes.  At  4,  8,  12,  and  24  hours  a  standard  neurologic  examina¬ 
tion  was  performed  and  deficit  scores  were  assigned.  Fourteen  of 
eighteen  dogs  were  initially  resuscitated,  and  10  lived  for  24 
hours  following  arrest.  Aortic  systolic  pressures  were  correlated 
positively  with  improved  neurologic  outcomes  |r  =  .64,  /’  <  .05). 
This  relationship  was  linear,  and  no  stratification  could  be  made 
whereby  achievements  of  specific  pressures  would  result  in  a 
good  neurologic  outcome.  Other  variables  that  could  not  be  cor¬ 
related  with  improved  neurologic  survival  included  1)  diastolic 
pressure,  mean  arterial  pressure,  myocardial  perfusion  pressure, 
or  central  venous  pressures  prior  to  defibrillation;  and  2)  all  he¬ 
modynamic  variables  during  the  critical  care  period  after  dc- 
fibrillation  In  conclusion,  the  aortic  systolic  pressure  was  corre¬ 
lated  positively  with  improved  neurologic  outcome  in  this 
animal  model  of  cardiac  arrest.  Whereas  previous  efforts  to  im¬ 
prove  resuscitahility  from  cardiac  arrest  centered  on  improve¬ 
ments  in  the  aortic  diastolic  and  myocardial  perfusion  pressures, 
there  may  be  a  need  to  focus  on  drugs  or  techniques  that  improve 
systolic  pressures  as  well 
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Digital  Hydrofluoric  Acid  Burns: 
Treatment  with  Intraarterial  Calcium 
Infusion 


MV  Vance,  SC  Curry.  DB  Kunkel.  PJ  Ryan  Central  Arizona 
P.gional  Poison  Management  Center.  St  Lukes  Medical  Center 
Phoenix.  Arizona 

Hydrofluoric  acid  |HF)  produces  a  unique  chemical  burn  due  to 
tissue  penetration  by  fluoride  ion.  Fluoride  ion  interferes  with 
calcium  activity  in  a  variety  of  cell  membranes  and  calcium-de¬ 
pendent  processes,  resulting  in  severe  pain  and  deep  tissue  de¬ 
struction.  The  currently  accepted  methods  of  treating  HF  burns 
include  application  of  topical  soaks  or  ointments  with  calcium  or 
magnesium  salts  for  minor  burns  and  local  injection  of  calcium 
gluconate  for  more  severe  burns.  Digital  hums  also  may  require 
nail  removal  and  direct  injection  into  the  nail  bed.  We  present  a 
series  of  patients  with  moderate  to  severe  HF  burns  involving  one 
or  more  fingers  who  were  treated  with  selective  intraarterial  cal¬ 
cium  infusion  of  diluted  (1.66%)  calcium  salts.  All  patients  had 
excellent  relief  of  symptoms  and  marked  improvement  of  the 
burn  lesions  following  one  to  three  four-hour  infusions  of  cal¬ 
cium  chloride  or  calcium  gluconate.  Only  one  patient  required 
subsequent  surgical  intervention  for  grafting  of  a  full-thickness 
burn,  and  one  patient  developed  transient  spasm  at  the  site  of 
percutaneous  arterial  line  insertion.  Intraarterial  calcium  infu¬ 
sion  for  the  treatment  of  HF  burns  of  the  fingers  provides  many 
therapeutic  advantages,  including  elimination  of  painful  calcium 
iniection  directly  into  fingertips,  avoidance  of  such  debilitating 
procedures  as  fingernail  removal,  and  assurance  that  all  affected 
cells  are  receiving  adequate  amounts  of  calcium  to  replenish  de¬ 
pleted  stores  and  to  "neutralize"  remaining  free  fluoride  ion 


6  Activated  Charcoal  Before  Syrup-of- 
Ipecac-lnduced  Emesis 

GE  Freedman.  EP  Krenselak.  S  Pasternak  (presenter)  i  Mercy 
Hospital,  Pittsburgh  Poison  Center.  Children's  Hospital  ot 
Pittsburgh,  and  the  Center  for  Emergency  Medicine  of  Western 
Pennsylvania  Pittsburgh.  Pennsylvania 
It  is  commonly  stated  that  activated  charcoal  will  prevent  the 
emetic  effect  of  syrup  of  ipecac.  Although  not  clinically  substan¬ 
tiated,  this  view  has  become  dogma.  A  study  was  performed  to 
observe  the  effects  of  activated  charcoal  on  the  emetic  properties 
of  syrup  of  ipecac  and  to  develop  an  efficient  protocol  for  treat¬ 
ment  of  the  nonobtunded  overdose  patient.  Ten  volunteers,  who 
ingested  2.6  g  aspirin  orally  as  a  marker  drug,  were  administered 
60  cc  syrup  of  ipecac  plus  480  cc  water  through  a  nasal  gastric- 
tube  Five  minutes  later,  a  50-g  aqueous  charcoal  slurry  was  in¬ 
fused  through  the  tube,  the  tube  was  removed,  and  the  subiects 
were  observed  for  emesis.  The  subiects  acted  as  their  own  con¬ 
trols  and  were  subsequently  administered  only  2.6  g  aspirin 
orally.  Eight  of  ten  subiects  (80%)  had  a  significant  emetic  re¬ 
sponse,  the  other  two  had  nausea  without  emesis.  Serum  salicy¬ 
late  levels  measured  two  hours  after  salicylate  ingestion  showed 
an  average  reduction  of  57%  from  control  in  the  subiects  with 
emesis  (8  of  10)  compared  to  an  average  reduction  of  48%  m  the 
subiects  without  emesis  |2  of  ID).  Our  study  illustrates  that  acti¬ 
vated  charcoal  may  not  prevent  the  emetic  effects  of  syrup  of 
ipecac.  The  protocol  developed  allows  the  very  early  administra¬ 
tion  ot  activated  charcoal  compared  to  conventional  teaching, 
and  has  been  shown  to  be  effective  in  reducing  marker  drug  levels 
with  or  without  emesis 


7  Comparison  of  the  Intraosseous  and 
Intravenous  Routes  of  Diazepam 
Administration  for  Pentylenetetrazol* 
Induced  Seizures 

WH  Spivey  HD  Unqor  (presenter)  HM  McNamara  CM 
laihef.  Departments  ot  Emergency  Medicine  and  Pharmacology 
Medical  College  ot  Pennsylvania.  Philadelphia  Pennsylvania 

This  study  examines  an  alternative  route  ot  administration  for 
diazepam  ill  the  coiiirol  ol  seizure  activity  The  intraosseous 
route  (lOl,  through  the  bone,  is  much  simpler  than  IV  access  and 
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may  be  used  in  children  and  inlants  during  status  epileptieus 
when  IV  access  is  not  available.  The  It)  and  IV  routes  ol  di¬ 
azepam  administration  were  compared  in  a  pentylenetetrazol 
(I’TZI  seizure  model.  Ten  domestic  swine  weighing  14  to  19  kg 
were  anesthetized  with  ketamine  20  mg/kg  IM  and  alpha-chlo- 
ralose  25  mg/kg  IV  and  were  ventilated  with  a  respirator  on  45% 
Oi.  Blood  pressure  and  lead  II  ECO  were  monitored  throughout 
the  experiment.  Electrocortical  activity  was  recorded  directly 
from  the  brain  with  platinum  electrodes.  All  animals  were  given 
PTZ  100  mg/kg  IV  to  induce  seizure  activity,  and  they  received 
diazepam  0.1  nig/kg  IV  1  minute  after  the  onset  of  seizure 
through  a  peripheral  IV  (n  =  5|  or  through  an  18-gaugc  needle  in 
the  proximal  tibia  IO  |n  =  5).  Blood  samples  were  drawn  for  de¬ 
termination  of  diazepam  levels  at  1,  2,  5,  10,  15,  and  20  minutes 
after  diazepam  administration.  Control  heart  rates  and  mean  ar¬ 
terial  blood  pressure  were  similar  for  the  two  groups:  240.6  t 
11.1  and  248.7  ±  7.0  beats/minute,  and  128.6  ±  12.0  and  127.2  ; 
8.4  mm  Hg  for  IV  and  IO,  respectively.  The  time  to  onset  of  sei¬ 
zure  was  20.2  ±  4.02  seconds  and  16.4  ±  2.5  seconds  for  the  IV 
and  IO  routes,  respectively  (/’  >  .05).  IV  diazepam  suppressed  sei¬ 
zure  activity  in  all  IV  animals  in  48.4  ±  10.8  seconds,  while  IO 
diazepam  stopped  it  in  4  IO  animals  in  54.2  ±  29.4  seconds.  One 
IO  animal  had  increased  ictal  activity  for  12  minutes.  Serum  di¬ 
azepam  levels  (ng/mL]  and  standard  error  for  the  IV  and  IO  groups 
were  as  follows:  1  minute,  260  ±  97.2,  190  ±  50. 7;  2  minutes, 
195.0  *  41.0,  172.5  z  42. 7;  5  minutes,  187.5  ±  24.4,  154.4  • 
240,  10  minutes,  124.4  ±  12.0,  154.4  ±  47.1;  15  minutes,  140.0  ♦ 
17.4,  146.7  -  14.4,  and  20  minutes,  120.0  ±  1.6.8,  14.6.0  ?  28.7, 
respectively.  An  analysis  of  variance  revealed  no  statistical  dif 
ference  in  the  2  groups;  10.8  ng/mL  or  greater  is  therapeutic.  The 
data  show  the  IO  route  to  be  a  rapid  and  effective  method  of  ad 
ministering  diazepam  and  suppressing  seizure  activity  during  sta 
tus  epileptieus  when  IV  access  is  nut  readily  available. 


8  Effect  of  Volume  on  the  Endotracheal 
Absorption  of  Lidocaine 

SE  Mace  Mount  Sinai  Medical  Center  Cleveland,  Ohio 

Lidocaine  was  given  endotracheally  in  a  dose  of  2  or  4  mg/g  to 
15  dogs  Blood  lidocaine  levels  were  drawn  at  .8,  18,  40,  and  60 
minutes  after  administration  of  lidocaine  Endotracheal  lidocaine 
wax  given  either  as  a  dilution  with  normal  saline  |a  1.1  dilution  of 
lidocaine  and  normal  saline!  or  undiluted  |tiroup  I,  no  dilution. 
Croup  2,  dilution  with  normal  saline).  Significantly  higher  blood 
lidocaine  levels  were  obtained  in  the  dilution  group  in  all  the 
time  periods  and  with  either  dose  (2  or  4  mg/kg)  (/’  0011  Mean 

blood  lidocaine  levels  |pg/mLI  at  5  minutes  were  |2  mg/kg  Jose  I 
Croup  I  0.64,  Croup  2  4  4,  and  |4  mg/kg  dose)  Croup  1 

I  4,  Croup  2  6  2  (/’  .0011  The  same  dose  of  lidocaine  was 

diluted  with  normal  saline  to  a  total  volume  of  4  tnL  ,  6  mL,  12 
ml.,  or  26  ml  ol  tluid  lour  additional  dogs  received  all  four  dilu 
lions  of  endotracheal  lidocaine  on  different  days  In  each  of  the 
four  dogs,  blood  lidocaine  levels  were  significantly  different  de¬ 
pending  on  the  total  amount  ol  thud  given  |/’  ■  (Kill.  In  one  dog 
at  the  same  endotracheal  lidocaine  dosage,  blood  lidocaine  levels 
tat  5  minutes!  varied  from  2  to  9  1  depending  on  the  amount  of 
normal  saline  administered  with  the  endotracheal  lidocaine  This 
sttidv  suggests  that  II  higher  blood  lidocaine  levels  are  achieved 
and  maintained  longer  when  lidocaine  is  diluted  with  normal 
saline  than  when  it  is  given  undiluted,  and  21  there  may  be  a 
maximal  volume  at  which  the  highest  blood  lidocaine  level  is 
obtained  without  a  corresponding  change  m  respiratory  function 


9  Incidence  of  “Secondary  Drowning"  After 
Saltwater  Immersion 

ff)  I't.ifl  (pro's .nfof |  fif  Haynes,  Doparlmont  ol  I  morifeni.y 
Medione  H.i'bnr  l  JCl  A  Medical  Center  lorrance.  California 

The  reported  incidence  of  delayed  pulmonary  and  CNS  symp¬ 


toms  after  submersion,  so-called  "secondary  drowning,"  is  dc 
rived  from  retrospective  analysis,  frequently  of  patients  who  had 
established  pulmonary  pathology.  Characterizing  subsets  of  vic¬ 
tims  could  reduce  unnecessary  hospitalization  of  some  patients 
and  promote  vigorous  evaluation  of  those  at  risk  We  prospec¬ 
tively  evaluated  a  large  saltwater  beach  population.  Swimmers 
were  eligible  for  the  study  if  they  exhibited  coughing,  cyanosis, 
loss  of  consciousness  ill  the  water,  tachypnea,  or  vomiting,  or  if 
they  requested  medical  attention  after  submersion  Among  an  es¬ 
timated  41,170,(100  beach  visits  during  one  summer,  there  were 
5.474  rescues  (any  contact  with  a  hatherl,  with  54  patients  en¬ 
tered  ill  the  study.  Thirty-two  |60%l  of  the  victims  were  released 
oil  the  beach,  and  none  of  the  27  victims  followed  up  by  tele¬ 
phone  required  medical  care  after  the  initial  episode.  Twenty-one 
patients  (40% I  were  transported  to  a  hospital  for  further  evalua¬ 
tion  Ten  presented  on  the  beach  with  findings  mandating  ICU 
admission  The  other  II  patients  (21%)  had  minimal  symptoms 
when  they  emerged  from  the  water.  Three  developed  severe 
symptoms  111  ihe  El)  mandating  ICU  admission,  while  8  were 
observed  111  the  El)  or  as  inpatients  without  sequelae.  Four  of  the 
8  had  an  abnormal  chest  radiograph,  acidosis,  or  hypoxemia  de¬ 
spite  minimal  clinical  findings  The  need  for  these  studies  ill  the 
F.i)  is  reinforced  Study  limitations  include  the  small  final  pa¬ 
tient  population  and  lack  of  laboratory  studies  on  all  patients.  We 
conclude  that  experienced  lifeguards  can  effectively  triage  sub¬ 
mersion  victims,  that  mild  symptoms  progress  to  marked  dis¬ 
tress  111  only  a  tew  patients,  and  that  patients  who  develop  dc- 
laved  distress  do  so  within  a  few  hours.  El)  observation  tor  4  to  6 
hours  could  screen  effectively  for  those  patients  requiring  inpa¬ 
tient  therapy 


*fl  ft  Appendicitis  in  the  Elderly:  A  Diagnostic 
I  W  Challenge 

SR  Klein  L  L.iyden  (presenter)  JF  Wright.  RA  While  Deparlment 
ol  Surgery  Harbor  UCLA  Medical  Center  Torrance.  California 
Acute  appendicitis  is  uncommon  in  patients  more  than  60 
years  old.  hut  this  age  group  accounts  lor  a  significant  proportion 
of  the  morbidity  and  mortality  related  to  this  entity.  To  establish 
a  profile  ol  the  disease  111  this  population,  the  charts  of  94  pa¬ 
tients  age  60  to  95  with  pathologically  proven  acute  appendicitis 
were  reviewed  Sixty-two  percent  were  in  their  60s,  and  20% 
were  more  than  8(1  years  old.  Thirty-one  percent  had  symptoms 
more  than  48  hours  prior  to  presentation.  The  most  frequent  pre¬ 
senting  symptom  was  abdominal  pain  (94%),  but  only  66%  had 
right  lower  quadrant  localization.  At  presentation,  70%  of  pa¬ 
tients  had  lever  exceeding  47.2  C,  and  84%  had  leukocytosis 
iW'IU"  count  10,0001.  Operation  was  carried  out  within  24  hours 
ol  presentation  m  81%,  but  was  delayed  more  than  48  hours  in 
I  ’".,  as  a  result  of  an  incorrect  admitting  diagnosis  111  all  cases. 
File  overall  incidence  ol  perforation  was  62%.  This  was  related 
directly  to  the  duration  of  the  illness,  and  occurred  in  84%  of 
those  with  symptoms  lor  more  than  48  hours,  compared  to  an 
incidence  of  20''..  in  those  with  symptoms  present  less  than  24 
hours  File  overall  complication  rate  was  50%,  which  rose  to 
m  those  with  perforation  The  most  common  complication 
was  wound  infection  Four  patients  |4%l  died,  three  of  them  hav¬ 
ing  had  .1  delay  in  operation  of  more  than  48  hours,  all  had  per 
(oration  at  surgeiv  We  conclude  that  delay  111  the  patient  seeking 
medical  cate  or  the  physician  arriving  .it  the  prompt  diagnosis 
and  piocccding  with  early  surgical  intervention  are  the  factors 
■  elated  to  the  elevated  morbidity  and  mortality  observed  in  acute 
appendicitis  in  the  cld>  1  Iv 


A  A  Fixed  Atlanto-Axial  Rotatory  Subluxation 
9  I  A  Radiographic  Finding  of  Questionable 
Clinical  Significance 
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S  Lee  (presenter).  SM  Joyce.  J  Seeger .  R  Hanson .  E 
Criss  Section  of  Emergency  Medicine  and  Department  of 
Radiology,  University  of  Arizona  Health  Sciences  Center.  Tucson 
Arizona 

Atlanto  axial  rotatory  subluxation  is  a  finding  occasionally 
noted  on  cervical  spine  radiographs  obtained  following  head  and 
neck  trauma.  Atlanto  axial  subluxation  produces  an  asymmetry 
of  the  lateral  masses  of  C-l  relative  to  the  odontoid  process  on 
the  AP  open-mouth  view.  Persistent  asymmetry,  not  correctable 
by  a  IV  head  rotation,  has  been  used  as  the  criterion  to  define 
fixation  of  atlanto  axial  subluxation.  Chronic  neck  pain,  occipital 
neuralgia,  and  torticollis  requiring  neurosurgical  intervention 
have  been  documented  in  cases  when  atlanto  axial  subluxation 
becomes  fixed.  The  clinical  significance  of  rotatory  suhluxation 
with  fixation  in  patients  with  minimal  or  no  symptoms,  however, 
is  uncertain.  Atlanto  axial  subluxation  is  seen  during  normal 
head  rotation;  thus  it  is  possible  that  subluxation  on  the  AP  view 
actually  may  be  due  to  improper  positioning.  Such  positional 
subluxation,  however,  would  not  be  expected  to  be  fixed.  A  study 
was  performed  to  evaluate  the  effect  of  positioning  on  the  atlan¬ 
to-axial  relationship  and  the  ability  to  correct  asymmetry  by  ro¬ 
tation.  Eleven  normal  volunteers  without  recent  neck  trauma, 
neck  pain,  or  limitation  of  neck  motion  were  evaluated  with  the 
following  AP  open  mouth  views:  11  without  tilt  or  rotation  (neu¬ 
trally  21  IT  rotation  in  each  direction,  T)  IT  head  tilt  to  the  right, 
and  41  right  rotation  with  right  tilt  and  left  rotation  with  right  tilt 
(the  “cock  robin"  position).  Six  normals  demonstrated  apparent 
rotational  asymmetry  in  the  neutral  position  despite  proper  posi¬ 
tioning.  No  predictable  change  in  the  atlanto  axial  relationship 
was  produced  by  any  of  the  manipulations  described.  Two  normal 
subjects  fulfilled  the  radiographic  criterion  for  fixed  atlanto-axial 
suhluxation,  asymmetry  not  corrected  by  rotation.  The  radio¬ 
graphic  finding  of  atlanto  axial  rotatory  suhluxation  is  common 
and  is  not  in  itself  abnormal  in  the  absence  of  clinical  findings.  In 
addition  the  criterion  of  fixation,  asymmetry  uncorrected  by  rota¬ 
tion,  appears  to  be  inadequate.  Patients  with  atlanto-axial  suhlux¬ 
ation  should  be  evaluated  further  relative  to  their  clinical  find¬ 
ings. 


An  Analysis  of  Medical  Care  at  Mass 
Gatherings 

AB  Sanders  (presenter),  E  Criss  P  Steckl.  HW  Meislm,  J  Raife.  D 
Allen  Section  of  Emergency  Medicine  University  of  Arizona 
Health  Sciences  Center.  Tucson  Arizona 
Emergency  medical  care  at  public  gatherings  is  haphazard  at 
best,  and  dangerous  at  worst.  Arizona  ACER  through  the  Chapter 
Grant  Program,  studied  the  level  of  medical  care  provided  at  pub¬ 
lic  gatherings  in  order  to  develop  standards  for  emergency  medi¬ 
cal  care  at  mass  gatherings.  The  study  consisted  of  the  following: 
I)  a  survey  of  medical  care  at  14  facilities  providing  events  for  the 
public  (more  than  1,000  people  in  attendance).  Questions  were 
asked  regarding  the  nature  of  the  event,  number  of  people,  densi¬ 
ty  of  seating,  predominant  age  group,  availability  and  checks  for 
liquor  and  drugs,  indoor  versus  outdoor  event,  and  the  level  and 
facilities  for  medical  care;  and  21  a  retrospective  and  prospective 
survey  of  iniuries  occurring  at  mass  gatherings  during  a  one-year 
period  was  done.  The  results  of  these  surveys  showed  a  wide  vari¬ 
ation  of  medical  care  provided  at  mass  events.  Of  the  490  medical 
encounters  reviewed,  52.2%  were  within  the  realm  of  care  of  par¬ 
amedics  but  not  basic  EMTs  alone.  The  most  common  injuries/ 
illnesses  were  lacerations,  sprains,  headaches,  and  syncope.  Prob¬ 
lems  noted  included  1)  poor  documentation  and  record  keeping  of 
medical  encounters;  2)  a  tendency  for  prehospital  care  personnel 
to  make  medical  evaluations  without  transport  or  medical  con¬ 
trol;  and  T)  frequently  inadequate  communication  to  make  the 
public  aware  of  the  availability  of  medical  care.  Based  on  this 
survey  and  a  literature  review,  standards  for  medical  care  at  mass 
gatherings  were  determined  using  an  objective-oriented  approach. 
It  is  our  position  that  event  organizers  have  the  responsibility  of 
ensuring  the  availability  of  emergency  medical  services  for  spec¬ 
tators  and  participants.  Mandatory  medical  care  objectives  for  all 
events  include  provision  of  the  following:  1)  basic  first  aid  and  life 
support  within  4  minutes;  2)  advanced  life  support  within  S  min¬ 
utes;  and  4)  evacuation  to  a  definitive  care  facility  within  50  min¬ 
utes  of  illness  or  injury.  Optional  objectives  include  1!  medical 
evaluation  and  treatment  for  nonemergency  problems,  and  21  tri¬ 
age  and  medical  evaluation  of  a  presenting  complaint.  Guidelines 
on  how  these  objectives  can  be  met  by  sponsors  are  provided. 
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Rocky  Mountain  High 

To  the  Editor: 

In  the  mountains  of  Colorado,  July  and  August  are  nor¬ 
mally  the  peak  months  for  finding  mushrooms.  A  family 
was  poisoned  when  they  ate  an  unusual  variety  of  a  com¬ 
mon  species  of  poisonous  mushroom. 

The  Rocky  Mountain  Poison  Center  was  called  concern¬ 
ing  three  patients  who  had  eaten  some  white  mushrooms 
five  to  six  hours  earlier.  The  patients  were  a  41 -year-old 
man,  his  10-year-old  son,  and  a  9-year-old  neighbor.  The 
boys  had  collected  "meadow  mushrooms"  from  the  grass- 
and  pine-covered  areas  around  their  mountain  house.  The 
man  had  eaten  two  mushrooms  (approximately  five  inches 
tall  with  a  four-  to  five-inch  cap);  the  10-year-old  ate  one 
and  one-half  to  two.  The  9-year-old  ate  one  to  one  and  one- 
half  mushrooms  but  had  peeled  portions  of  the  cap.  The 
mushrooms  had  been  fried. 

Within  an  hour  the  three  felt  confused  and  disoriented. 
Two  to  three  hours  postingestion  the  man  felt  very  con¬ 
fused.  The  adult  and  the  10-year-old  reported  muscle 
twitching,  which  was  most  pronounced  in  the  arms  and 
legs. 

Five  hours  after  ingestion  paramedics  were  summoned, 
and  the  patients  were  flown  to  a  local  hospital.  At  that  time 
their  symptoms  were  tingling  of  the  extremities,  vertigo, 
ataxia,  confusion,  and  disorientation  that  they  described  as 
hallucinations. 

The  man  and  the  10-year-old  became  much  more  symp¬ 
tomatic  than  did  the  9-year-old,  who  had  peeled  the  mush¬ 
room  cap.  The  adult  had  a  pulse  of  110  and  was  flushed, 
slightly  sweaty,  and  nauseated.  None  of  the  patients 
vomited.  The  three  became  very  sleepy  and  repeatedly  fell 
into  sleep  from  which  they  could  be  aroused  easily.  The 
only  treatment  given  was  supportive  care  and  observation; 
emesis,  charcoal,  or  catharsis  was  not  performed.  The  pa¬ 
tients  were  discharged  nine  to  ten  hours  after  ingestion,  still 
sleepy  but  easily  arousable.  This  feeling  continued  into  the 
next  day.  A  sample  mushroom  was  sent,  but  because  of  its 
poor  condition  it  could  not  be  identified  positively.  We  re¬ 
viewed  the  site  of  the  mushrooms  the  next  day  and  found 
both  an  Agaricus  species  (edible)  and  Amanita  pantherina. 
Identification  was  accomplished  with  the  help  of  staff  from 
the  Denver  Botanic  Gardens.  The  mushrooms  were  not  ana¬ 
lyzed  for  their  isoxazole  content. 

Amanita  pantherina  usually  is  described  as  having  a 
brown  cap,  pointed  warts,  and  a  single,  well-formed  annulus 
(ring).  In  the  Pacific  Northwest  this  mushroom  is  known  to 
hybridize  with  Amanita  gemmata,  resulting  in  colors  rang¬ 
ing  from  dark  brown  to  light  yellow.1  The  variety  found  by 
the  patients  on  the  east  slopes  of  the  Rocky  Mountains  was 
nearly  white  and  wartless.  To  amateur  eyes  the  pale  pink 
gills  of  young  agarics  appeared  very  similar  to  the  white 
gills  of  the  Amanita  pantherina.  In  addition,  the  patients 
did  not  recognize  the  clinging  annulus  and  volva  charac¬ 
teristic  of  the  Amanita  species. 

Amanita  pantherina  is  known  to  contain  the  toxic  isox¬ 
azole  derivatives  lbotenic  acid  and  muscimol,  as  well  as 
stizolobic  and  stizolobinic  acid.  lbotenic  acid  is  not  stable, 


and  it  degrades  on  drying  to  muscimol,  which  is  five  to  ten 
times  as  potent.  Amanita  pantherina  loses  most  of  its  po¬ 
tency  on  drying.2 

These  agents  act  primarily  on  the  CNS  and  most  likely 
compete  with  the  neurotransmitter  GABA  to  produce 
symptoms  including  irrational  behavior,  alcohol-like  inebri¬ 
ation,  delirium,  and  deep  sleep. When  Amanita  pantherina 
is  used  as  a  hallucinogen,  individuals  report  hearing  voices, 
seeing  visions,  exhibiting  inappropriate  behavior,  and  hav¬ 
ing  a  need  for  physical  activity.  Macroposia  is  another  re¬ 
ported  delusion.  In  other  reported  cases  in  which  cooked 
Amanita  pantherina  was  ingested,  impaired  vision,  di¬ 
zziness,  loss  of  coordination,  inability  to  think  or  speak 
clearly,  and  hysteria  were  noted.  A  death  was  reported  in  a 
man  with  a  weak  heart.4 

Samples  of  typical  Amanita  pantherina  contain  0.42% 
dry  weight  of  the  two  isoxazoles.  Hybrids  may  contain 
0.02%  to  0.35%  of  these  derivatives. s  Concentrations  of 
these  toxins  vary  by  growing  conditions  and  season  of 
growth.* 

A  dose  of  20  mg  ibotenic  acid,  tested  on  a  man,  produced 
only  flushing  and  migraine  headaches.  Five  milligrams  of 
muscimol  produced  slight  drowsiness;  10  mg  muscimol 
produced,  within  90  minutes,  mild  symptoms  of  intoxica¬ 
tion,  including  slight  muscle  twitching  but  no  hallucina¬ 
tions.  Fifteen  milligrams  of  muscimol  produced  a  full¬ 
blown  intoxication.7 

Amanita  pantherina  has  been  used  as  food,  particularly 
in  the  Pacific  Northwest.  The  skin  is  peeled  from  the  cap  of 
the  mushroom,  it  is  parboiled  once  or  twice,  and  the  water 
is  discarded.  Because  the  highest  concentration  of  isoxazole 
is  in  the  skin  of  the  cap  and  the  toxins  are  water  soluble, 
this  process  may  remove  most  or  all  of  the  toxic  com¬ 
pounds.8  This  may  be  why  the  9-year-old,  who  peeled  his 
mushroom,  had  less  severe  symptoms. 

Several  types  of  mushroom  poisoning  have  onset  ranging 
from  20  minutes  to  two  hours,  and  treatment  recommenda¬ 
tions  require  differentiation.  The  muscarine  group  typically 
exhibits  cholinergic  symptoms  of  salivation,  lacrimation, 
and  perspiration.  Treatment  is  atropine.  When  hallucina¬ 
tions  and  disorientation  are  present,  the  primary  suspect  is 
the  psilocybin  group  of  mushrooms.  The  third  type,  includ¬ 
ing  a  mushroom  that  produces  a  disulfiram-like  reaction, 
may  cause  nausea  and  vomiting  dunng  the  first  two  hours 
after  ingestion. 

Some  other  cases  in  the  third  type  may  exhibit  slight  pe¬ 
ripheral  anticholinergic  symptoms;  these  cases  may  involve 
the  isoxazole  compounds.  Patients  may  appear  intoxicated, 
have  twitching  muscles  and  lack  of  coordination,  and  may 
exhibit  euphoria  and  hyperkinetic  activity.  If  discovered  ear¬ 
ly,  patients  may  be  decontaminated  by  emesis  and  activated 
charcoal.  If  the  toxic  substances  have  been  absorbed,  the 
patient  should  be  placed  in  a  low-stimulus  environment  to 
be  observed  for  rare  serious  CNS  depression.  This  simple 
measure  usually  is  all  that  is  required.  Respiratory  failure  is 
very  unlikely  Rarely  anticholinergic  symptoms  may  be  pro- 
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nounced  and  physostigmine  salicylate  (1-2  mg  IV)  may  be 
considered.  Physostigmine  should  be  used  only  in  severe 


Because  mild  peripheral  anticholinergic  symptoms  may 
occur,  atropine,  which  is  often  given  for  another  two-hour- 
onset  mushroom  poisoning  caused  by  muscarine,  is  con¬ 
traindicated  and  will  exacerbate  the  symptoms.4  The  two 
most  common  Amanitas  mushrooms  are  A  pantheria  and 
A  muscaria.  The  "muscaria"  in  A  muscaria  may  lead  one  to 
believe  that  significant  amounts  of  muscarine  are  present  in 
these  mushrooms.  This  is  not  the  case. 

Gathering  wild  mushrooms  for  consumption  is  always 
risky  when  done  by  amateurs.  In  our  case,  two  school-age 
boys  gathered  mushrooms  that  they  and  another  family 
member  subsequently  ingested.  Earlier  that  week  they  had 
gathered  several  Agaricus  species  mushrooms  and  con¬ 
sumed  them  without  negative  effects.  The  patients  failed  to 
recognize  this  light-colored  variety  of  a  normally  brown-to- 
yellow  mushroom. 


David  C,  Spoerke,  MS,  RPh 

Barry  Rnmack.  MD 

Rocky  Mountain  Poison  Center 


Susan  E  Spoerke,  MD 
Denver  Clinic  Medical  Centers 


Factitious  Arrhythmia 


To  the  Editor : 

We  describe  an  interesting  case  in  which  critical  analysis 
of  a  piece  of  clinical  information,  the  cardiac  monitor 
rhythm  strip,  convincingly  demonstrated  the  benign  nature 
of  a  patient's  presentation.  This  occurred  in  a  setting  in 
which  one  might  easily  accept  a  very  different  interpreta¬ 
tion  conferring  a  serious  diagnosis  on  the  patient. 

The  Worcester  City  Ambulance  Service  called  our  emer¬ 
gency  department  (ED)  requesting  medical  control  for  a  26- 
year-old  man  complaining  of  chest  pain.  The  patient  was 
awake  and  communicating  when  encountered  by  the  para¬ 
medic  team.  Vital  signs  at  the  scene  were  as  follows:  palpa¬ 
ble  blood  pressure,  90  mm  Hg;  pulse,  120;  and  respirations, 
20.  Treatment  rendered  prior  to  arrival  in  the  ED  consisted 
of  intravenous  DSW  at  KVO,  nasal  oxygen,  and  monitoring. 
On  arrival  approximately  five  minutes  later,  the  patient 
complained  of  a  dull,  pressing  pain  in  the  chest,  radiating  to 
the  neck  and  left  arm  and  associated  with  shortness  of 
breath,  nausea,  and  palpitations.  He  stated  that  he  recently 
had  been  hospitalized  for  chest  pain  and  that  he  had  signed 
out  against  medical  advice  several  hours  prior  to  presenta¬ 
tion  at  our  ED. 

The  medical  history  was  significant  for  a  rhythm  distur¬ 
bance  that  was  "studied"  in  Texas  and  was  thought  to  be  "of 
a  ventricular  nature."  He  was  treated  with  quinidine  and 
showed  an  empty  prescription  bottle  bearing  his  name.  Car¬ 
diac  risk  factors  included  a  two-pack-per-day  smoking  histo¬ 
ry  and  a  family  history  strongly  positive  for  early  myocar¬ 
dial  infarction. 

Physical  examination  revealed  a  well-nourished,  well-dc- 
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veloped  man  in  moderate  distress  secondary  to  pain.  His 
right  hand  was  over  the  precordium.  Vita]  signs  were  as  fol¬ 
lows:  blood  pressure,  140/90  mm  Hg,  without  orthostatic 
changes,-  pulse,  105;  and  respirations,  20.  With  the  excep¬ 
tion  of  venous  "track  marks"  on  the  upper  extremities,  the 
remainder  of  the  physical  examination  was  normal.  Routine 
blood  work,  arterial  blood  gases,  and  a  chest  radiograph 
were  normal.  A  12-lead  electrocardiogram  showed  sinus 
rhythm  at  a  rate  of  95  and  a  normal  pattern. 

The  patient  was  placed  on  a  cardiac  monitor.  Initial  treat¬ 
ment  with  nasal  oxygen  and  sublingual  nitroglycerine  1/150 
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CORRESPONDENCE 


g  failed  to  lessen  the  patient's  symptoms.  His  cardiac  moni¬ 
tor  showed  a  transient  rhythm  disturbance  (Figure  1).  This 
lasted  for  three  to  five  seconds  and  immediately  brought  the 
staff  back  to  his  bedside.  He  complained  of  increasing  pain 
at  this  time.  There  was  no  loss  of  consciousness  and  no 
change  in  the  vital  signs  taken  immediately  following  this 
self-limited  episode.  Given  the  rate  of  170  and  the  regularity 
of  this  rhythm,  a  diagnosis  of  nonsustained  ventricular 
tachycardia  was  entertained.  Similar  episodes  followed,  nev¬ 
er  associated  with  changes  in  vital  signs,  and  always  resolv¬ 
ing  as  a  nurse  or  physician  approached  the  bedside. 

Closer  examination  of  a  second  rhythm  strip  (Figure  2),  in 
consultation  with  a  cardiologist,  revealed  two  interesting 
findings.  Toward  the  end  of  the  strip,  under  the  #1,  is  what 
appears  to  be  a  ventricular  couplet  closely  following  a  sinus 
beat.  The  first  complex  occurs  over  the  early  portion  of  the 
ST  segment  during  the  absolute  refractory  period  of  ven¬ 
tricular  myocardium  and  cannot  represent  ventricular  de¬ 
polarization.  Similarly  the  R-R  interval  between  the  appar¬ 
ent  PVC  and  sinus  beat  occurring  under  #2  is  well  below 
the  briefest  expected  ventricular  absolute  refractory  period. 
Thus,  for  physiologic  reasons,  the  aberrant  activity  cannot 
be  ventricular  depolarization.  There  are  numerous  sharp 
spikes  superimposed  on  the  episode  of  apparent  nonsus¬ 
tained  ventricular  tachycardia.  These  spikes  march  out  per¬ 
fectly  (arrows,  Figure  2)  with  the  patient's  underlying  sinus 
rhythm,  further  indicating  the  factitious  nature  of  his 
rhythm  disturbance. 

When  reassured  that  it  has  been  determined  that  the 
monitor  changes  were  artifactual  and  did  not  represent  a 
danger,  the  patient  refused  further  examination  and  signed 
out  against  medical  advice.  Area  hospitals  were  notified  to 


be  aware  ot  similar  presentations  by  the  same  individual.  It 
was  later  ascertained  that  the  patient  was  indeed  admitted 
to  an  outlying  hospital  for  chest  pain  on  the  day  prior  to  his 
presentation  to  us.  His  workup  was  similarly  negative  and 
included  a  quinidine  level  of  less  than  1.5  p.g/mL.  He  had 
received  a  total  of  14  mg  intravenous  morphine  sulfate  prior 
to  signing  out  against  medical  advice  the  following  morn¬ 
ing. 

We  hypothesize  that  while  being  monitored  without 
medical  staff  in  close  attendance,  the  patient  manipulated 
his  monitor  leads  to  simulate  the  arrhythmia.  It  was  possi¬ 
ble  to  do  this  at  bedside,  creating  a  pattern  identical  to 
those  shown.  His  initial  hypotension  can  be  explained  by 
self-administration  of  nitrates  just  prior  to  the  arrival  of  the 
ambulance.  Amyl  nitrate  (widely  available  on  the  street] 
may  be  implicated  given  the  pronounced,  short-lived  nature 
of  the  hypotension  and  reflex  tachycardia  for  which  alter¬ 
native  physiologic  explanations  are  lacking  in  this  patient. 

This  case  illustrates  one  example  of  the  sophisticated 
techniques  employed  by  malingering  patients  presenting  to 
an  ED.  Careful  analysis  of  appropriate  laboratory  studies 
may,  at  times,  permit  the  physician  to  make  a  prompt,  ac¬ 
curate  diagnosis  and  thus  prevent  a  significant  amount  of 
unnecessary  hospitalization. 

Kai  Sturmann,  MD 
Timothy  Shoen,  MD 
Department  of  Emergency  Medicine 
Allen  W  Filiberti,  MD 
Division  of  Cardiology 
Worcester  City  Hospital 
Worcester,  Massachusetts 
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Airway  Obstruction  from  Metastatic  Melanoma 


To  the  Editor: 

A  36-year-old  woman  presented  to  the  ED  complaining  of 
a  persistent,  nonproductive  cough  and  exertional  dyspnea. 
She  stated  that  she  had  been  treated  by  her  family  physician 
for  "bronchitis"  for  the  last  two  weeks  with  tetracycline  250 
mg  PO  qid  and  an  expectorant.  An  outpatient  chest  radi¬ 
ograph  one  week  prior  to  presentation  was  negative.  She  be¬ 
gan  to  have  increased  dyspnea  and  persistent  coughing  on 
the  day  of  admission.  Medical  history  was  remarkable  for  a 
malignant  melanoma  of  her  left  neck  that  had  been  widely 
excised  in  1972.  She  had  remained  clinically  asymptomatic, 
and  yearly  chest  radiographs  had  been  negative  since  that 
time.  Review  of  systems  was  negative  except  for  her  chief 
complaint. 

Physical  examination  revealed  a  woman  in  moderate  dis¬ 
tress  secondary  to  dyspnea.  Vital  signs  were  as  follows: 
blood  pressure,  100/60  mm  Hg,  pulse,  H4;  respirations,  28, 
and  temperature,  36.6  C.  Physical  examination  was  remark¬ 
able  for  inspiratory  stridor  that  was  audible  on  entering  the 
examining  room.  The  patient  stated  that  she  had  noticed  a 
"wheeze”  for  approximately  one  week  prior  to  admission. 
Suprasternal  retractions  and  difficulty  with  phonation  also 
were  present.  There  was  no  cyanosis  or  clubbing  of  the  ex¬ 


tremities.  There  was  an  8-cm  scar  over  the  left  sterno¬ 
cleidomastoid  area.  Scattered  inspiratory  and  expiratory 
wheezes  were  heard  over  the  right  lung  base.  There  was  no 
cervical  or  peripheral  adenopathy.  The  abdominal  examina¬ 
tion  was  negative  for  hepatosplenomegaly. 

The  patient  was  treated  with  an  epiglottis  protocol.  A 
portable  lateral  neck  radiograph  was  performed  (Figure)  in 
an  examining  room  with  laryngoscopes,  endotracheal  tube, 
and  ericothyroidotomy  instrumentation  that  was  readily 
available.  The  radiograph  revealed  a  mass  lesion  arising 
from  the  anterior  wall  of  the  trachea  in  the  subglottic  area, 
producing  considerable  encroachment  on  the  tracheal 
lumen.  Due  to  the  nature  and  level  of  the  obstruction,  prep¬ 
arations  were  made  tor  tracheostomy.  The  patient's  condi¬ 
tion  did  not  deteriorate,  and  it  was  believed  that  the  pro¬ 
cedure  would  best  be  done  in  the  operating  room. 

The  patient  was  taken  to  the  operating  room  where,  un¬ 
der  general  anesthesia,  a  tracheostomy  was  performed 
through  the  second  and  third  tracheal  rings  with  removal  ol 
a  large  pigmented  tumor.  The  patient  tolerated  the  pro¬ 
cedure  well  Histologic  examination  oi  the  tumor  revealed 
metastatic  melanoma 
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Upper  airway  obstruction  is  a  medical  emergency.  The 
most  common  causes  are  infection,  foreign  body  aspiration, 
trauma,  anaphylaxis,  and  hemorrhage.1  This  case  represents 
a  rare  form  of  airway  obstruction. 

Tumor  is  an  uncommon  cause  of  upper  airway  obstruc¬ 
tion.  Tumors  arising  in  the  hypopharynx  seldom  have  air¬ 
way  obstruction  as  a  significant  symptom.  Malignant 
obstruction  of  the  trachea  is  even  more  unusual  because  of 
the  low  frequency  of  primary  and  metastatic  lesions.  The 
trachea  apparently  is  resistant  to  invasion  by  adjacent  ma¬ 
lignancies-  Primary  tracheal  malignancies  are  exceedingly 
rare,  with  squamous  cell  being  the  most  common. ' 

Secondary  tumors  are  most  likely  to  affect  the  upper  tra¬ 
chea  by  encroachment  or  invasion  by  the  primary  tumor  or 


its  metastases.-’  These  tumors  include  lung,  esophageal,  and 
thyroid  carcinoma.  Freeland4  and  colleagues  reported  four 
cases  of  metastases  to  the  larynx  from  distant  primaries, 
including  ovarian  cystadenoma,  melanoma,  nasopharyngeal 
carcinoma,  and  myeloblastic  leukemia. 

The  earliest  symptom  of  upper  airway  obstruction  sec¬ 
ondary  to  tumor  is  exertional  dyspnea.  Exertional  dyspnea 
does  not  occur  until  the  tracheal  lumen  is  less  than  6  mm.4 
Our  patient's  lumen  was  2  mm  at  presentation.  Wheezing, 
inspiratory  stridor,  and  orthopnea  appear  with  progressive 
narrowing  of  the  lumen.  Cough  is  common.  One  can  see 
that  in  a  seemingly  healthy  individual  these  symptoms 
might  be  mistaken  for  an  upper  or  lower  respiratory  infec¬ 
tion.  Hemoptysis  is  variable.  Upper  airway  obstruction  from 
tumor  encroachment  usually  is  gradual  in  onset  because  pa¬ 
tients  accommodate.  Sudden  decompensation  is  uncom¬ 
mon,  but  can  occur.2 

Evaluation  should  begin  with  soft  tissue  radiographs.  A 
lateral  neck  radiograph  will  best  delineate  the  upper  third  of 
the  trachea.  Swallowing  views  will  bring  more  tracheal 
shadows  out  of  the  chest  and  into  view.  Bilateral  oblique 
views  through  the  chest  give  full-length  tracheal  contours.2 

Treatment  is  directed  toward  maintaining  a  patent  airway. 
If  possible,  one  should  ascertain  the  level  of  obstruction  be¬ 
fore  attempting  tracheal  intubation,  cricothyroidotomy,  or 
tracheostomy/’  In  our  case,  tracheostomy  was  the  appropri¬ 
ate  method  of  airway  control  because  of  the  nature  of  the 
obstruction. 

lay  S  Feldstan.  DO 
lames  S  Hoiizoukis,  MD 
Department  of  Emergency  Medicine 
Wilmington  Medical  Center 
Wilmington.  Delaware 

I  Buster  RB,  Martinez  SA  Acute  upper  airway  obstruction  in  the 
adult.  Postgrad  Med  iyK2,72:s()-67 

2.  Sise  It,.  Crichlow  RW:  Semin  Oncol  197K,s:21B-223. 

3.  Batsakis  |  Tumors  ot  the  Head  and  Neck  Baltimore,  Williams 
and  Wilkins,  1979.  p  91 

4.  Freeland  A  I*  van  Nostrand  AWI’  lahn  AF.  et  al  Metastases  to 
the  larynx.  /  Otolaryngol  I979,3  44K-436 

s  Miller  Rl),  Flyatt  RF  Obstructing  lesions  ol  the  larynx  and 
trachea.  Mayo  Clin  True  1969,44:143-161 

6.  Hanlinc  MH  |r:  Tracheotomy  in  upper  airway  obstruction  (let 
ter).  South  Med  I  I9K 1 ,74X99 


American  Board  of 
Emergency  Medicine  Notice 

On  Juno  30  ’988  tho  practice  option  will  terminate  for  those  physicians  wishing  to  mi  ol  the  i  ■■ 
American  Board  ol  Emergency  Medicines  certification  examination  Practice  teaching  or  ('.Ml  ,ei,, 
date  may  not  be  used  to  satisfy  the  practice  requirements  Questions  should  tie  t  reeled  to  Ah!  M  .’(in  . 
fast  Lansing  Ml  48823  917  332  4800 
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Pain,  Analgesia,  and  Addiction 

B  Stimme 

1983.  Raven  Press.  326  pages,  $45  (cloth) 

Most  emergency  physicians,  in  the  course  of  daily  deal¬ 
ings  with  pain,  undoubtedly  have  developed  somewhat 
mechanistic  views  of  pain  and  its  treatment.  The  same 
probably  is  true  of  the  treatment  of  analgesic  overdoses  and 
withdrawal  states.  It  is  refreshing,  if  one  has  the  time  and 
specific  interest,  to  review  in  some  depth  those  phar¬ 
macologic  agents  most  frequently  used  for  pain  control. 

In  addition  to  refreshing  the  reader  on  pharmacologic 
principles  of  analgesia,  Pam.  Analgesia,  and  Addiction  at¬ 
tempts  to  shed  light  on  a  number  of  aspects  of  the  chemical 
control  of  pain,  such  as  alternative  and  adjunctive  medica- 


John  H  van  de  Leuv,  MD,  CM  —  Editor 
Indianapolis,  Indiana 


tions,  addiction  states,  withdrawal  syndromes,  and  pain 
management  in  the  elderly.  The  section  on  iatrogenic  drug 
dependence,  with  a  discussion  of  the  impaired  physician,  is 
highly  recommended.  The  book  is  well  organized  and  very 
readable,  with  excellent  tables  and  diagrams,  particularly  in 
the  neuroanatomy  and  pharmacology  sections. 

The  text  falters  for  the  emergency  physician  in  several 
areas.  It  is  surprising,  for  instance,  that  there  is  no  mention 
of  the  use  of  local  anesthetic  agents  (except  cocaine),  ni¬ 
trous  oxide,  or  other  inhalants.  In  addition  the  author  rou¬ 
tinely  discusses  the  management  of  toxicity  of  analgesic 
agents,  but  his  management  recommendations  are  usually 
brief  and  occasionally  lack  state-of-the-art  precision. 

This  book  can  be  heartily  recommended  as  an  excellent 
review  of  pain  and  its  control,  but  it  probably  will  be  of 
limited  value  as  a  quick  reference  in  the  emergency  depart¬ 
ment. 

Donald  H  Kimkel.  Ml) 

Department  of  Medical  Toxicology 
St  I  like' s  Hospital 
I'lioenix.  Arizona 


Diagnosis  and  Treatment  of  Mushroom  Poisoning 

t".  Scales  BH  Rum, ir  k 
R'",i  f  al’s  Idaho  (churl) 
s  f  5<  ales  Mvc o  Churls 

"Diagnosis  and  Treatment  of  Mushroom  Poisoning"  is  a 
color  wall  chart  produced  bv  Catherine  States  ot  the  North 
American  Mvcological  Association,  with  the  cooperation 
and  approval  of  Barry  H  Rutnack,  Ml),  director  ot  the 
Rocky  Mountain  Poison  Center  Dr  Rutnack  is  the  primary 


medical  source  today  on  the  management  of  mushroom 
poisoning. 

The  chart  is  well  organized  and  provides  an  amazing 
amount  of  information.  Superb  color  photographs  aid  in 
mushroom  identification.  Information  provided  includes 
onset  of  symptoms,  class  and  toxins,  clinical  signs  and 
symptoms,  organs  involved,  and  suggested  treatment.  There 
is  also  a  section  on  mushroom  terminology. 

The  "suggested  treatment"  section  discusses  the  major 
treatment  modalities  that  should  be  considered  for  each 
poisoning  group.  The  language  is  diplomatic,  allowing  room 
for  individual  clinical  judgment. 

A  major  problem  in  mushroom  poisoning  is  mushroom 
identification  —  physicians  often  are  dealing  with  an  un¬ 
known  and  are  left  with  general  supportive  care  as  the  only 
approach  to  treatment.  This  chart  can  aid  in  proper  identifi¬ 
cation  of  mushrooms. 

It  may  be  helpful  to  list  geographical  locations  on  subse¬ 
quent  printings  of  the  chart.  Orellanine,  the  "eighth"  group 
of  mushrooms,  has  been  included  in  this  chart.  The  delayed 
symptomatology  and  nephrotoxicity  of  cortinarius  oral- 
lanus  and  other  species  has  been  reported  only  in  Europe. 
While  cortinarius  gertilis  is  found  on  the  Pacific  Coast,  no 
toxic  cases  have  been  reported  in  the  United  States.  The 
chart  may  be  ordered  from  Kit  Scates  Myco-Charts,  E  2830 
Marine  Drive,  Post  Falls,  Idaho  83854. 

The  price  of  the  chart  is  $24.95  each  for  hospitals  plus  $2 
for  postage  and  handling.  A  20%  discount  is  offered  to 
members  of  medical  societies  and  mycological  societies  for 
individual  copies. 

This  is  an  excellent  chart,  authoritative  and  useful  to  the 
emergency  physician,  which  is  highly  recommended  for 
every  emergency  department  in  the  United  States. 

Lester  M  Haddad.  Ml) 

Clinical  Assistant  Professor 
National  Capital  Poison  Center 
Department  of  Emergency  Medicine 
Ceorgetown  University  Hospital 
Washington.  DC 


Prehospital  Emergency  Pharmacology 

BE  Bledsoe  G  Bosker.  FJ  Papa 

1984  Robert  J  Brady  Company  $16  95  (soft  cover) 

Prehospital  Emergency  Pharmacology  is  ot  value  to  emer¬ 
gency  medicine  practitioners,  students,  and  emergence 
medical  services  (EMSI  personnel.  It  is  a  comprehensive  and 
exceptionally  complete  guide  to  prehospital  emergency 
pharmacology.  It  begins  with  fundamental  background  m- 
tormation  with  which  prehospital  professionals  must  be  ta 
miliar  The  section  on  terminology  and  abbreviations,  pre¬ 
viously  an  area  in  which  substantial  inhumation  was 
difficult  to  locate,  is  a  rewarding  addition  to  the  test 

Pile  section  addressing  drug  administration  is  covered 
with  simplicity  and  excellent  detail  t  oiisequcnt  Iv  this  Mil' 
tect  is  easier  tor  the  reader  to  understand  and  utilize  lot 
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review  purposes.  Excellent  reinforcement  is  afforded  drug 
dosage  and  calculations.  Although  brief  it  utilizes  pertinent 
situations  and  problems  familiar  to  prehospital  profession¬ 
als. 

The  drugs  and  their  usage  are  presented  in  appropriate 
format,  allowing  easy  access  for  the  reader.  Included  are  de¬ 
scriptions,  indications,  contraindications,  precautions,  dos¬ 
age,  route,  and  how  supplied.  Consequently  the  difficult 
task  of  paramedic  training  of  this  subject  is  made  easier  and 
more  understandable. 

Another  refreshing  discovery  is  a  quick  reference  guide  to 
commonly  used  emergency  medications  that  addresses 
most  phases  of  EMS;  a  pediatric  conversion  table  is  in¬ 
cluded. 

Recommendation  for  usage  of  this  text  are  numerous. 
EMS  personnel  would  benefit  by  using  this  text  in  the  class¬ 
room,  in  clinical  areas,  and  in  the  field.  Emergency  pLysi- 
cians,  emergency  department  nurses,  and  critical  care  staff 
should  consider  this  text  for  use  as  a  review  guide  and  as 
teaching  support  material  when  instructing  EMS  personnel. 

Where  it  is  necessary  for  EMS  personnel  to  use  pre¬ 
hospital  emergency  drugs  in  a  critical  setting,  a  text  of  this 
caliber  is  recommended.  It  offers  a  quick  reference  for  im¬ 
mediate  use  or  for  review  purposes. 

Robert  D  Arunosiun.  DO,  Director 
Emergency  Medicine! Medical  Affairs 
Community  Memorial  Hospital 
Cheboygan,  Michigan 


Drug-Induced  Ocular  Side  Effects  and  Drug 
Interactions,  ed  2 

FT  Fraunfelder  SM  Meyer  (eds) 

1982  Lea  &  Febiger  544  pages.  $30  (hardbound! 

The  second  edition  of  this  reference  work  follows  a  for¬ 
mat  that  proved  successful  in  the  first  edition.  The  editors 
carefully  introduce  the  format  used  in  each  of  the  chapters, 
which  includes  drug  class,  generic  and  common  proprietary 


names,  indications  for  use  of  the  drug,  ocular  side  effects, 
the  significance  or  importance  of  the  side  effect  in 
ophthalmology,  a  list  of  common  drug  interactions,  and  per¬ 
tinent  references. 

As  reflected  in  a  useful  table  of  contents,  the  chapters  in 
the  text  are  defined  according  to  13  categories  of  drug  use: 
antiinfectives,  gastrointestinal  agents,  homeostatic  and  nu¬ 
trient  agents,  oncolytic  agents,  and  the  like.  In  addition  the 
text  contains  two  indices.  The  "Index  of  Side  Effects"  cata¬ 
logues  signs  and  symptoms  in  ophthalmology  from  "abnor¬ 
mal  conjugate  deviations,"  "blepharospasm,"  and  "cataracts" 
to  toxic  amblyopia,  uveitis,  and  visual  hallucinations.  The 
second  index  refers  to  drugs  discussed  in  the  text.  Generic 
names,  many  proprietary  names,  and  drug  classes  are  in¬ 
cluded. 

The  sections  in  each  chapter  are  allocated  by  class  of 
drug.  These  deal  with  drug  interactions,  but  do  not  detail 
additional  ocular  side  effects  that  result  from  additive  or 
synergistic  drug  combinations.  Rather  the  editors  have  se¬ 
lected  a  simple  classification  of  increased,  decreased,  or  var¬ 
iable  effect  of  one  drug  on  the  action  of  others  that  may  be 
used  in  ophthalmology. 

The  scope  of  agents  presented  by  the  editors  is  compre¬ 
hensive.  The  references  for  each  section  are  selective  but 
highly  relevant,  and  they  provide  an  easy  access  to  the  med¬ 
ical  literature  pertinent  to  a  class  of  agents. 

The  book  is  clearly  dedicated  to  the  ophthalmologist  as  a 
reference  source.  In  toxicology  eye  findings  usually  are 
quite  variable,  and  it  is  unlikely  that  this  text  would  assist 
in  the  diagnosis  of  the  drug-intoxicated  patient.  For  those 
cases  in  which  the  eye  findings  are  the  basis  of  the  chief 
complaint  or  the  only  prominent  feature  of  the  clinical 
problem  in  the  emergency  department,  however,  this  refer¬ 
ence  would  be  very  useful. 

Robert  G  Peterson,  MD,  PhD 

Associate  Professor  of  Pediatrics  and  Pharmacology 

University  of  Ottawa 

Medical  Director 

Poison  Information  Center 

Children’s  Hospital  of  Eastern  Ontario 
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Physician  Available 

ABEM  CERTIFIED:  Age  i >  residing  ,n  Pairn  Beach  County  seeking 
full  or  part-time  posi'ion  t  the  a"  -a  Si<  years  ex|  inner  ice  as  director  in 
a  250-bed  nosp'ta  We  versed  m  administration  teaching  quality 
assurance  marketing  Resound  Ai.(  P  Box  430  PO  Box  619911 
Dallas  T  x  7526’  49” 

DIPLOMATE  ABEM:  1  Ai  (  n  ,g.-  v.  f  .pennn,  mi  emergency  depart 
rr-ent  director  AT  L  fs  At  i  S  it  -  e  i.ie  r ,  Seeding  partnership  position 
in  challenging  t  D  W-  -..iter  above  average  otters  Reply  ACL P 
Box  92-1  PO  Box  0144'  •  [  j.  ,  -i  lx  7536’  441’ 

CHPLOMATE  ABEM  AMO  ABFP  Afi  ,„ut  tormACLS  AU.S  and 
PALS  Special  interests  r  f  MS  - jr .« J  psyr  ruatry  tear  hmq  arid  admin 
istratiye  ex penerii.e  Lock, rip  lor  daei  tor  sir  st,|tt  position  yvittun  1 
hours  of  New  York  C.ty  AC. I  P  Box  40/  PO  Box  019911  Danas  IX 
75261  9911 

FACEP:  Age  39  Current  duet. tor  L  xr.eHenl  r.ommunn  alive  marketing 
and  problem  solving  abilities  f  xporience  training  CM  residents 
nurses  and  paramedics  Prefer  assistant  director  director  or  partner 
in  Illinois  or  Northeast  but  win  consider  yin  above  average  oilers  in 
strict  confidence  Reply  to  ACEP Box  915  POBox6i99M  Dallas  IX 
75261-9911 

NEW  DIRECTIONS:  Experienced  group  ol  13  LD  physicians  looking 
for  unique  practice  opportunities  Individual  MDs  available  for  13 
months  possibly  longer  Dull  and  humdrum  need  not  reply  ACEP  Box 
737  PO  Box  619911  Dallas  TX  75261-9911 


Position  Available 

ACADEMIC  EMERGENCY  MEDICINE:  Faculty  positions  available  in 
the  Section  of  Emergency  Medicine  at  the  University  of  Arizona  Re¬ 
sponsibilities  include  clinical  administrative,  and  teaching  activities 
Applicants  should  be  board  certified  prepared  in  emergency  medi 
cine  Please  contact  Harvey  W  Meislin.  MD  Seclion  of  Emergency 
Medicine,  1501  N  Campbell  Ave.  Tucson  AZ  85724  The  University  of 
Arizona  is  an  Affirmative  Action  Equal  Opportunity  Employer 

ACADEMIC  EMERGENCY  MEDICINE:  Full  time  academic  positions 
available  immediately  in  three-year  old  emergency  medicine  residen¬ 
cy  program  to  meet  expanding  needs  in  area  ot  resident  supervision. 
EMS  direction,  development  ot  research  program  and  administration 
Level  I  trauma  center  with  affiliated  county  hospital  with  37  000  annual 
visits  Emergency  medicine  training  or  appropriate  training  with  AEtE  M 
diplomacy  required  Excellent  remuneration  and  fringes  together  with 
beautiful  Southwestern  climate  For  details  contact  V  Gail  Ray  MD 
Texas  Tech  University.  RAHC  Dept  of  Surgery  Division  of  Trauma  and 
Emergency  Medicine.  4800  Alberta  Ave  El  Paso  TX  79905  phono 
915  533  3020  ext  386 

ACADEMIC  EMERGENCY  MEDICINE:  University  emergency  modi 
cine  residency  program  director  position  available  t  merqency  modi 
cme  residency-trained  and  ABEM  certified  applicants  only  Wayne 
State  University  Detroit  Receiving  Hospital  Full-time  academic  ap 
pomtment  Generous  compensation  with  lull  benefits  and  20  vac  ation 
days  per  year  Send  C V  to  Brooks  f  Bock  MD  Chief  I  merged  ,- 
Medicine  Detroit  Receiving  Hospital  4201  St  Antoine  Detroit  Ml 
48201 

ACADEMIC  EMERGENCY  PHYSICIAN:  Ideal  practir  e  selling  m  pr 
vate  suburban  type  Level  I  trauma  center  with  7  n-.ider-c  v  im  --.eg 


programs  and  university  affiliation  seeks  board-certified  -prepared 
physician  Compensation  approximately  90K  based  on  CV  ACLS  and 
ATLS  instructor  preferred  Send  CV  to  Mike  Weaver  MD  4505  Head- 
wood#!  Kansas  City  MO  641 1 1  or  call  816  931  8881 

ALABAMA:  Emergency  physicians  needed  for  377-bed  hospital  lo¬ 
cated  m  large  city  26  000  annual  E  D  visits  Access  to  rnaior  university 
Excellent  compensation  with  malpractice  insurance  provided  Inde¬ 
pendent  contractor  status  For  further  information  contact  Chris 
Gaffney  Coastal  Emergency  Services  Inc  1900  Century  Pi  Ste  340 
Atlanta  G A  30345  404  325  1645  in  GA  800  241  7471 

ALABAMA:  Immediate  two  full  time  positions  available  in  freestanding 
ambulatory  care  clinic  located  in  a  good  community  with  equity  posi¬ 
tion  Remuneration  first  year  $70-80  000  with  real  possibility  to  double 
within  one  to  two  years  Send  CV  to  Physicians  Route  1  Box  46  Pike 
Hoad  Alabama  36064  or  call  Rusti  at  205  271  4410 

ALABAMA:  Physician  wanted  Compensation  guarantee  and  tee  for 
service  Contact  Florence  Emergency  Physicians  Dr  Joseph  Yates 
Director  114  W  Doctor  Hicks  Bivd  Ste  400  Florence  AL  35630 
205  767  4591  or  205  766-7739  (home) 

ALABAMA:  Wen  established  dynamic  group  staffing  emergency  de 
partments  in  Alabama  Salary  $72  000  to  $85,000  Growth  potential 
witfi  management  opportunities  Contact  The  Emergency  Group  PO 
Box  817  Enterprise  AL  205  347  3682 

ALASKA:  Physicians  needed  immediately  to  join  established  group 
staffing  urgent  cam  facilities  in  Anchorage  Guaranteed  hourly  rate 
puis  profitsharing  incentives  and  paid  malpractice  insurance  Primary 
care  training  or  experience  required  Please  send  replies  to  Scott  P 
Mackie  MD  FACEP  PO  Box  1 1 1 767.  Anchorage  AK  99511-1767 

ARIZONA:  Positions  available  in  emergency  medicine  in  the  Phoenix 
Mesa  metropolitan  area  Excellent  group  of  colleagues  and  active 
practice  Send  curriculum  vitae  to  Richard  A  Melde.  MD.  Arizona 
Emergency  Physicians  Ltd  Desert  Samaritan  Hospital  1400  S  Dob¬ 
son  Rd  Mesa  AZ  85202  or  call  Ms  Nancy  Hayward  at  602  833  6180 

ARIZONA,  Phoenix:  Expanding  physician -owned  emergency  group 
accepting  applications  for  full-time  career  oriented  emergency  phy¬ 
sicians  Flexible  work  schedules  excellent  benefit  package  ideal 
working  and  living  conditions  Send  CV  to  Emergency  Physicians  Inc 
1741  E  Morten  Ave  Ste  B  Phoenix  AZ  85020  or  call  Thomas  C 
Patterson  MD  or  Paul  Wheeler  at  602  8  70-0194 

ARIZONA,  Phoenix:  Maricopa  Medical  Centei  a  400  bed  county 
tear. lung  hospital  is  seeking  residency  trained  emergency  physi 
cians  to  |oin  a  fiFI  time  eleven  member  group  -i  recently  established 
Department  of  1  merger ir  y  Medicine  MMC  sees  50  000  ED  patients 
annually  and  is  a  Leve1  I  Itauina  >  outer  and  paramedn  base  station 
Physicians  ,ni .  active  n-  ACL  S  AILS  and  paramedic  tear  hmq  Salary 
is  competitive  arid  m, i- practice  r,  provided  (  a  ir  it.  H  t  Richard  Walsh 
MD  Chainruri  Department  ot  [  inerqenr  y  Medn cue  Mancopa  Mi-di 
cal  Center  f>0  Hr,,  5099  Phnem.  A/HSU'o 

CALIFORNIA:  Bn  in]  -  * -ftitii  -.  I  -  Ji  .untied  i  ir  r,  }« -r  ,  ’-.lined  emer 
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sibilities  m  a  stable,  established  group  with  partnership  advancement 
opportunity  Contact  California  Emergency  Physicians,  440  Grand 
Ave  Suite  500  Oakland,  CA  94610,  415/832-6400 


CALIFORNIA:  Join  a  partnership  of  established  physicians  providing 
urgent  and  ambulatory  care  in  both  northern  and  southern  California 
Physicians  earn  a  guaranteed  minimum  with  strong  incentive  package 
and  have  the  opportunity  to  quickly  become  partners.  Our  attractive 
centers  are  rapidly  growing  Please  indicate  your  geographic  prefer¬ 
ence  (LA  or  San  Francisco  Bay  area)  and  contact  California  Emer¬ 
gency  Physicians.  440  Grand  Ave,  Ste  500,  Oakland,  CA  94610 
415  832-6400 


CALIFORNIA,  Partnerships:  Available  with  a  seasoned  group  in  a  toint 
venture  mode  to  establish  freestanding  ambulatory  care  center  Excel¬ 
lent  site,  physician  oriented,  financing  aid  available.  Send  CV  to 
National  Medical  Centers,  866  Plumas  St,  Ste  B,  Yuba  City,  CA 
95991-4016 


CALIFORNIA:  People-oriented  physician  sought  to  |oin  group  of  like 
physicians  operating  a  small  series  of  freestanding  clinics  in  northern 
California  Camaraderie,  recreational  opportunities  and  the  possibility 
of  an  early  management  or  equity  partnership  role  are  all  part  of  the 
package  Send  CV  to  ACEP  Box  668,  PO  Box  619911,  Dallas.  TX 
75261-9911 


CALIFORNIA:  The  County  of  Los  Angeles  and  the  UCLA  School  of 
Medicine  are  seeking  applicants  for  the  position  of  Director  of  Emer¬ 
gency  Services  at  the  Los  Angeles  County-Olive  View  Medical  Center 
Olive  View  Medical  Center  is  an  acute  care  hospital  in  the  San  Fernan¬ 
do  Valley  area  of  Los  Angeles  The  hospital  facilities  are  new  There  is 
an  approved  residency  training  program  in  emergency  medicine,  fully 
integrated  with  that  of  the  UCLA  Medical  Center  (Westwood)  The 
desirable  candidate  will  be  a  person  board  certified  in  emergency 
medicine  or  a  person  board  prepared  in  emergency  medicine  with 
board  certification  in  another  specialty.  Candidates  should  have  a 
strong  academic  background  with  an  interest  in  research,  as  well  as 
experience  in  teaching  and  patient  care  Qualified  candidates  send 
curriculum  vitae  and  support  materials  to  Marshall  T  Morgan.  MD 
Chairman  of  the  Search  Committee,  Olive  View  Medical  Center,  Rm 
404.  S  Tower  Bldg,  7533  Van  Nuys  Blvd,  Van  Nuys.  CA  91405  An 
Affirmative  Action/Equal  Opportunity  Employer. 


CALIFORNIA,  Hemet:  Opening  for  experienced  emergency  physician 
to  join  established  group  in  moderate-volume  ED.  Board  certified/ 
prepared  in  EM  preferred.  Competitive  salary  with  malpractice  paid 
and  opportunity  for  full  partnership.  Send  CV  to  Flemet  Emergency 
Medical  Group.  27692  Soboba  St.  Flemet.  CA  92344 


CALIFORNIA,  Los  Angeles:  Openings  for  career-oriented  emergency 
medicine  specialists  Excellent  compensation  and  career  growth  op¬ 
portunities  Write  Barry  Staum,  MD.  Janzen,  Johnston  and  Rockwell, 
1520  Arizona  Ave,  Santa  Monica.  CA  90404;  or  call  213/451-0783 


CALIFORNIA,  Northern:  Our  45-man  multispecialty  group  is  adding 
full-  and  part-time  physicians  to  the  staff  of  our  minor  emergency 
centers  in  the  San  Francisco  Bay  area.  Initial  salary  and  benefit  pack¬ 
age  leading  to  senior  status  with  full  economic  participation  Board- 
prepared  physicians  with  emergency  care  experience  should  contact 
Recruitment  Director.  San  Jose  Medical  Group.  45  S  17th  St,  San  Jose. 
CA  95112 


CALIFORNIA,  Sacramento:  Partnership  opportunity  with  established 
multi-hospital  group  practicing  in  Northern  California  Full-time  posi¬ 
tions  available  for  board-prepared  or  board-certified  emergency  phy¬ 
sicians  Competitive  salary  and  benefits  Malpractice  paid  All  hospi¬ 
tals  with  moderate  volumes,  many  act  as  EMS  basestations  Send  CV 
to  Sacramento  Emergency  Medical  Group.  PO  Box  214584  Sacra¬ 
mento,  CA  95821 


CALIFORNIA,  San  Francisco:  CVs  being  accepted  for  experienced, 
career  oriented  emergency  physician  to  join  established  ED  group  in 
medium-sized  full-service  community  hospital  Fee-for-service  (with 
guaranteed  minimum),  malpractice  insurance  paid,  flexible  sched¬ 
ules  Send  to  Emergency  Department,  1580  Valencia  St,  San  Francis¬ 
co  CA  94110 


CALIFORNIA,  San  Francisco  Bay  Area:  Emergency  physician.  BC  or 
BP  wanted  for  full-time  overnight  position  at  a  Kaiser-Permanente 
Medical  Center,  large  nationwide  HMO  Spacious  new  facility  with 
good  specialty  backup  60,000  outpatient  visits  yr.  competitive  salary, 
exceptional  benefits,  fine  school  system,  many  recreational  and  cultur¬ 
al  opportunities  Send  CV  to  Forrest  J  Cioppa.  MD.  Kaiser  Foundation 


Southern  California 
Emergency  Medicine 


Our  I. trite  inulti-i.pca.ilty  I1MO  is  currently  rccniitint;  Enurjtcncv 
Medicine  specialists  to  provide  services  at  its  medical  centers  lo¬ 
cated  tltrouphout  the  greater  Los  Anpelcs,  San  Dtetto.  San  Bernar¬ 
dino  and  Oranpe  County  areas,  including  our  newest  lull  service 
medical  center  in  file  West  San  Fernando  Valiev  which  is  scheduled 
to  open  in  the  Sprint:  of  1986,  Qualified  candidates  should  he 
Eniertfencv  Medicine  residency  trained  or  he  prepared  to  take  the 
Emercency  Medicine  Specialty  Board  Exam. 

Excellent  Benefits  include:  paid  malpractice  insurance,  medical  and 
dental  coverage,  conttnuini:  education,  vacation  and  srek  leave, 
retirement  plan  and  potential  tor  partnership  after  two  years. 
Please  semi  your  curriculum  vitae  and  rile  names,  addresses  and 
telephone  numbers  of  rhree  professional  references  to: 


KAISER  PERMANENTE 

SOUTHERN  CALIFORNIA 
PERMANENTE  MEDICAL  GROUP 


Physician  Recruitment,  Dept.  114,  393  E.  Walnut  Center, 
Pasadena,  CA  91188.  Equal  Opportunity  Employer. 


Hospital,  1425  S  Main  St.  Walnut  Creek,  CA  94596,  415/943-2080 


CALIFORNIA,  San  Francisco  Bay  Area:  Emergency  physician  group  is 
accepting  CVs  from  physicians  board  certified/prepared  in  emergen¬ 
cy  medicine  Also  accepting  CVs  from  qualified  physicians  interested 
in  urgent  care  opportunities.  Competitive  hourly,  paid  malpractice, 
and  opportunity  to  grow  with  small,  high-quality  group.  Send  CV  to 
Chase  Dennis  Group,  873  Corcoran  Ct,  Benicia.  CA  94510. 


CALIFORNIA,  San  Joaquin  Valley:  Personable  BC/BP  emergency  phy¬ 
sician  needed  to  associate  with  group  of  career  emergency  physi¬ 
cians  m  a  progressive  community  non-profit  hospital  Emergency  de¬ 
partment  is  full  department  status,  about  32.000  visits/year 
Paramedic  base  station,  trauma  receiving  hospital  Excellent  support 
from  consulting  staff  in  all  specialties,  including  cardiac  surgery.  Inter¬ 
est  in  EMS  desirable.  Teaching  position  in  emergency  medicine  resi¬ 
dency  available.  Generous  financial  arrangements  with  parity  at  two 
(2)  years  Send  CV  in  complete  confidence  to  PO  Box  3893,  Pmedale. 
CA  93650 


CALIFORNIA,  San  Jose:  Emergency  physician  sought  for  position  as 
part-time  director  of  poison  control  center  at  a  university-affiliated 
teaching  hospital  Responsibilities  include  patient  care  in  the  emer¬ 
gency  department  Must  be  board  certified/prepared  in  clinical  tox¬ 
icology.  Fee-for-service  with  minimum  guarantee  Contact  James  B 
Lane,  MD.  1625  The  Alameda.  #201.  San  Jose.  CA  95126.  408 
293-8881 


CALIFORNIA,  San  Jose:  Position  available  for  board-certified'-pre- 
pared  emergency  physician  with  established  group  practicing  in  San 
Francisco  Bay  area  in  a  high-volume  university-affiliated  teaching 
hospital  and  a  large  community  hospital  with  recently  established 
trauma  service  Fee-for-service  compensation  minimum  guaranteed 
Contact  James  B  Lane,  MD.  1625  The  Alameda.  #201.  San  Jose.  CA 
95126  408  293-8881 


CALIFORNIA,  San  Luis  Obispo  Area:  Seeking  experienced  physician 
lor  progressive  urgent  care  center  Benefits  include  liberal  scheduling, 
malpractice.  $75,000  per  year  guaranteed  income  plus  profitsharing 
plan  Send  CV  to  Doctors  EmergiCenter,  900  Grand  Ave,  Arroyo 
Grande.  CA  93420.  805-489-4357 


CALIFORNIA,  Southern:  Emergency  physician  needed  for  full-time 
position  in  the  high  desert  area  Relocation  from  Southern  California 
no!  required  $75,000  annual  starting  salary  Contact  Dr  Pettinger  at 
13238  Topsanna,  Apple  Valley.  CA  92307,  or  call  619  247-2761  or  619 
366-3711.  ext  127 


CALIFORNIA,  Southern:  Mull  i-specialty  group  practice  recruiting 
urgent  care  center  director  Board  certified- prepared  Excellent  oppor¬ 
tunity  in  desirable  area  of  Southern  California  Congenial  staff  excel 
lent  working  conditions,  and  fringe  benefits  Salary  negotiable  Submit 
CV  to  ACEP  Box  920.  PO  Box  61991 1  Dallas  TX  75261  991 1 
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CALIFORNIA  and  FLORIDA:  Emergency  physician  Groups  seeking 
additional  physician  in  northern  California  Sierra  community  and  St 
Petersburg,  Florida.  Board  certified/prepared  by  experience  or  resi¬ 
dency.  Salary,  incentives,  and  malpractice  provided.  Send  CV  to  Mar¬ 
ilyn  Bahou,  Manager,  Physician  Relations.  National  Medical  Enter¬ 
prises.  PO  Box  2140.  Santa  Monica,  CA  90406. 

CAREER-MINDED  PHYSICIAN:  Board-certified  physician  needed  to 
complement  experienced,  existing  physician  staff  serving  in  our  new 
emergency  department  The  hospital  is  a  large  and  expanding  referral 
center  handling  30,000  emergency  cases  per  year  Position  offers 
exceptional  benefits  and  remuneration  package,  as  well  as  ready 
access  to  Northern  Michigan's  recreational  areas.  For  additional  infor¬ 
mation  send  curriculum  vitae  or  contact  Mr  Louis  E  Zeile,  President,  St 
Luke's  Hospital.  705  Cooper,  Saginaw.  Ml  48602;  517/771-6000. 

COLORADO,  Ft  Collins:  Position  for  full-time  physician  in  a  freestand¬ 
ing  center  Excellent  lifestyle  available.  Close  to  skiing  and  a  broad 
array  of  outdoor  sports.  Family  practice  or  emergency  medicine 
Excellent  compensation  No  nights  Send  CV  to  IntraWest  Medical 
Services,  PC,  PO  Box  1649,  Laramie.  WY  82070;  or  call  Sheldon  Truax 
at  307  745-3169.  Donald  Cantway,  MD  at  303/879-6020 

COLORADO,  Ft  Collins:  Well-established  urgent  care  clinic  seeking 
full-time  physician  with  demonstrated  FP,  EM.  and  interpersonal  skills. 
Profitsharing,  continuing  care  option.  Outstanding  opportunity  in  a 
university  town  of  80.000  Generalcare  Clinic,  1045  Garfield.  Ft  Collins. 
CO  80524.  303/482-6620. 

CONNECTICUT,  Bridgeport  Hospital:  Departmental  status  ED  seeks 
boarded  or  board-prepared  career-oriented  physicians  to  join  the 
most  stable  emergency  physician  group  in  Connecticut  600  beds 
52.000  ED  visits  annually,  community  teaching  hospital  with  80-mem¬ 
ber  housestaff  and  Yale  affiliation  Competitive  salary,  full  fringe  bene¬ 
fits  with  opportunity  for  partnership  H  Lyle  Stotts.  MD.  FACER  Chair¬ 
man.  Bridgeport  Hospital,  267  Grant  St.  Bridgeport.  CT  06602 

CONNECTICUT:  Primary  care  physicians.  BC/BP,  needed  to  |Oin  ex¬ 
panding  waik-m  medical  center  group  in  central  Connecticut.  Full-  or 
part-time  positions  and  medical  directorships  available.  Compensa¬ 
tion  package  includes  competitive  salary,  malpractice  insurance,  and 
profitsharing  opportunity  Stimulating  work  experience  in  a  comfort¬ 
able  setting  with  flexible  scheduling.  Send  CV  to  PhysicianCare,  28 
Mam  St.  East  Hartford.  CT  06118.  or  call  203/569-8644. 

CONNECTICUT:  303 -bed  community  hospital  seeks  emergency  med- 
icme-tramed  or  practice  tract-prepared  physician  to  join  our  full-time 
staff  of  seven  emergency  physicians  Our  newly  renovated  ED  is  a  full 
hospital  department  with  an  active  educational  program  (including 
ACLS)  and  an  excellent  paramedic  program  An  ambulatory  care 
center  is  in  the  planning  stages  Manchester.  Connecticut,  is  a  town  of 
50.000  near  Hartford  with  a  choice  of  living  options  from  urban  to  rural 
in  the  immediate  area  Outdoor  sports,  seashore,  mountains,  ar.d 
cultural  activities  are  available  within  a  short  drive  Send  CV  to  Joel  J 
Reich,  MD.  FACEP.  Chairman,  Emergency  Department.  Manchester 


NEEMA 

EMERGENCY  MEDICAL 
—  a  professional  association  — 

Emergency  Medicine  Positions  —  available  with 
emergency  physician  group  in  PA,  NY,  NJ,  VA, 
WVA,  MD,  KY,  FL  and  throughout  New  England, 
the  Southeast  and  the  Midwest,  including  all  subur¬ 
ban,  rural  and  metropolitan  areas.  Fee-for-service 
with  minimum  guarantee  provided.  Malpractice 
paid.  Practice  credits  toward  board  certification. 
Physician  department  directors  also  desired. 
Please  send  resume  to:  NEEMA  Emergency  Medi¬ 
cal,  Suite  400, 399  Market  Street,  Philadelphia,  PA 
19106  or  phone  215-925-3511  in  PA,  or  800-523- 
0776  outside  PA. 


Dynamic  emergency  physician  group  has  positions 
for  well-qualified  emergency  physicians  in  hospitals 
located  throughout  the  United  States,  including. 

Florida  Ohio  Pennsylvania 

Colorado  Wash  DC  North  Carolina 
Maryland  Illinois  Alabama 

“Choose  The  Community  Size 
&  Climate  You  Desire” 

EMSA  provides  attractive  remuneration  and 
malpractice  insurance.  Excellent  opportunities 
for  personal  growth  within  the  group.  Call  our 
Emergency  Department  Representatives  for 
more  information;  or  respond  with  CV  and 
geographical  preference  to: 

Emergency  Medical  Services  Associates,  Inc. 
8200  W.  Sunrise  Blvd.  •  Plantation,  FL  33322 
(305)  472-6922 


Memorial  Hospital,  71  Haynes  St.  Manchester.  CT  06040 

DELAWARE:  Board-prepared  or  board-certified  emergency  physician 
to  join  well-established  group  Very  active  emergency  practice  Ap¬ 
proximately  38.000  visits  per  year  Excellent  medical  staff  backup  Full 
department  status.  Hospital-based  paramedic  program  Competitive 
salary  and  benefits.  One  hour  to  Chesapeake  Bay  and  Atlantic  Ocean 
Send  CV  to  John  C  Sewell.  MD.  FACEP.  640  S  State  St,  Dover.  DE 
19901,  302/734-0558 

DIRECTOR,  Greenville,  Mississippi:  Delta  city  of  50.000  surrounded 
by  lakes  and  recreational  areas  Flexible  schedules  will  accommodate 
vacations  and  hunting  season  Income  range  of  $80-100.000  depend¬ 
ing  on  pathology  and  volume  Busy  ED  with  high  degree  of  trauma 
sees  18.500  patients  per  year  and  has  shown  steady  growth  since 
1976  New  11,000  sq  ft  department  in  250-bed  medical  center  which 
serves  as  EMS  satellite  center  to  University  of  Mississippi  ED  sees 
98%  of  patients  with  excellent  medical  staff  backup  This  is  a  fee-fot- 
service  opportunity  where  income  potential  is  not  limited  Fischer 
Mangold  provides  most  malpractice  coverage.  CME.  potential  group 
incentive  after  3  years,  and  directorships  with  incentive  base  Contact 
Ken  Baker.  Director  of  Physician  Recruitment,  Fischer  Mangold  Group. 
PO  Box  788.  Pleasanton.  CA  94566;  800/227-2092;  in  California  415, 
484-1200 

EMERGENCY  AND  PRIMARY  CARE  PHYSICIAN:  We  are  looking  for  a 
career-oriented  physician  to  join  our  established  and  expanding 
group  which  includes  two  ambulatory  care  facilities  and  a  family 
practice  clinic  Full  specialty  backup,  excellent  salary  and  benefits, 
including  pension  plan  and  insurance  in  a  family-oriented  community 
Please  send  curriculum  vitae  to  First  Medical.  Inc.  PO  Drawer  3047, 
Hattiesburg  MS  39401 

EMERGENCY  CONSULTANTS,  INC:  Has  openings  in  Texas  Ohio 
Illinois  Michigan.  Wisconsin.  Indiana  New  York.  Pennsylvania  Ten¬ 
nessee  Virginia  and  West  Virginia  emergency  departments  Inde¬ 
pendent  contractor  status  with  competitive  compensation  and  paid 
malpractice  insurance  Forward  CV  with  availability  date  and  geo 
graphic  preference  to  Emergency  Consultants  Inc  2240  S  Airport  Rd 
Traverse  City  Ml  49684  800  253-1795  in  Michigan  800  632-3496 
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Emergency  physician  and  urgent  care  center  practice  career  opportunities  with  established  group  for  highly  competent  individuals 


+  Active  Growth 
+  Group  health  insurance 


+  Comprehensive  Continuing  Education  (ACLS,  ATLS) 
+  Vested  group  interest,  stock  ownership  after  2  years 


Florida 

Georgia 


Southern 

California 


Stateline,  NV 
at  Lake  Tahoe 


Mississippi 


Experience  and/or  residency  training  in  acute  care  medical  specialty  preferred.  Send  resume  to  EDP,  PO  Box  9639,  Marina 
Del  Rey,  CA  90295.  For  further  information  call  or  write: 


Florida:  Steve  Watsky,  MD,  707  40th  Street  West,  Palmetto,  FL  33561 ,  (813)  746-5111 


All  others:  Philip  J  Fagan,  Jr,  MD,  4640  Admiralty  Way  #305,  Marina  Del  Rey,  CA  90292;  (213)  822-1312 


EMERGENCY  MEDICINE:  Excellent  opportunity  for  emergency  physi¬ 
cian  m  a  552-bed  major  teaching  hospital  in  Philadelphia  A  state-of- 
the-art  facility.  Emergency  medicine  residency  program  not  required 
All  business  considerations  are  negotiable  Contact  Linda  Hay.  800 
441-0996:  or  in  Pennsylvania  215/896-5080. 


EMERGENCY  MEDICINE  CHAIRMAN  AND  STAFF:  Daniel  Stern  and 
Associates  represents  a  variety  of  hospitals,  including  community  to 
large  university  trauma  centers  We  are  seeking  career  emergency 
physicians  for  staff  and  directorship  positions.  Physicians  can  be 
prepared  either  through  the  practice  route  or  EM  residency  training 
Qualified  candidates  should  inquire  about  positions  paying  $70,000  to 
$140,000  in  several  mid-Atlantic  states.  Please  forward  complete  CV 
to  Daniel  Stern  and  Associates.  The  Medical  Center  East,  211  N 
Whitfield  St,  Pittsburgh,  PA  15206  Inquire  directly  by  calling  412/ 
363-9700  m  Pennsylvania,  800/438-2476  in  US. 


gency  care  unit  in  July  of  1985.  Stable  city  of  78.000  located  on  the  Schuylkill 
River  in  the  Allegheny  foothills  Good  access  to  Jersey  Shore,  Chesapeake 
Bay  Rxono  Mountain  resorts,  Philadelphia.  New  York,  and  Baltimore  42 
hours  a  week  plus  on-call  time,  $100,000+  per  year  Board  certified' 
prepared  or  substantial  experience  considered;  US  trained  only  Send  CV  to 
R  Tempest  Lcwry,  MD,  Director.  Department  of  Emergency  Medicine,  Com¬ 
munity  General  Hospital,  Reading,  PA  19601;  or  call  215/378-8369 


EMERGENCY  MEDICINE  PHYSICIANS:  We  are  seeking  BC/BP  emer¬ 
gency  medicine  physicians  who  are  personable  and  possess  excel¬ 
lent  clinical  and  communication  skills  to  join  an  existing  group  of 
career  emergency  physicians  Positions  available  in  Hawaii  and  the 
greater  Kansas  City  metropolitan  area  Annual  compensation  pack¬ 
ages  range  from  $63,000  to  $120,000  and  are  related  to  patient  vol¬ 
ume  For  additional  information  please  send  CV  to  Cecelia  Cleary. 
Emergency  Medical  Services.  3212  Central  Ave,  Kansas  City,  MO 
641 1 1 .  or  call  800/821-5147  or  816/561-1025. 


EMERGENCY  PHYSICIAN:  University  Hospital  of  Jacksonville,  a  major 
teaching  affiliate  hospital  of  the  University  of  Florida,  announces  the 
availability  of  a  position  in  the  division  of  emergency  medicine  MD 
required.  Board  preparation  or  certification  required  Strong  teaching, 
research  publication  interest  required.  Level  I  trauma  center,  large, 
active  emergency  medicine  residency.  Salary  negotiable.  Application 
deadline  August  30.  1985.  Starting  date  November  1,  1985  or  before. 
Contact  Terry  L  MacMath,  MD,  Search  Committee  Chairman.  Univer¬ 
sity  Hospital  of  Jacksonville.  655  W  8th  St,  Jacksonville,  FL  32209 
Affirmative  Action/Equal  Opportunity  Employer 


EMERGENCY  PHYSICIANS:  Sought  for  Department  of  Emergency 
Medicine,  Rhode  Island  Hospital.  Teaching  and  patient  care  in  a 
Brown  University  Biology  and  Medicine  affiliated  major  hospital  Must 
be  board  qualified,  emergency  medicine.  Apply  J  Franaszek.  MD. 
Emergency  Medicine,  Rhode  Island  Hospital.  593  Eddy  St.  Provi¬ 
dence,  Rl  02902,  401/277-5826  AA/EOE 


EMERGENCY  MEDICINE  POSITION  AVAILABLE:  Opportunity  for  ex 
perienced  emergency  physician  to  join  professional  group  prac¬ 
ticing  in  Northwestern  Indiana  Contact  Dr  Daniel  Philipsborn  at 
312  248-5557 


EMERGENCY  PHYSICIANS-BC/BP:  To  join  expanding  HMO  hospital- 
based  emergency  services  program  Salary  $65.000-$90.000  de¬ 
pending  on  experience  and  administrative  responsibilities.  Excellent 
benefit  package  Send  CV  to  Jennifer  Leaning,  MD.  Harvard  Commu¬ 
nity  Health  Plan.  One  Fenway  Plaza.  Boston.  MA  02215 


EMERGENCY  MEDICINE  RESIDENCY-TRAINED  GROUP:  Seeks  asso 
ciation  with  emergency  residency-trained  graduates  to  staff  new  hos¬ 
pitals  in  Ohio  and  South  Carolina  Successful  candidates  to  be  imme¬ 
diate  profit  sharers  Guaranteed  annual  salary  and  profits  of  six  figures 
per  year  Early  share  holding  in  the  corporation  is  anticipated.  Send 
curriculum  vitae  to  ACEP  Box  722.  PO  Box  619911.  Dallas.  TX 
75261-9911 


FLORIDA:  Associate  needed  tor  very  busy  family  and  occupational 
practice  located  in  southeastern  Florida  Guaranteed  minimum  com¬ 
pensation  plus  substantial  incentives  and  benefits  Excellent  potential 
for  equity  position  for  the  right  individual  Considerable  growth  and 
expansion  opportunity  Career-oriented  physicians  send  resumes  to 
Health  Innovators.  8550  48th  St.  Ft  Lauderdale.  FL  33321 


EMERGENCY  PHYSICIAN:  Mount  Sinai  Hospital,  a  380-bed  university 
affiliated  community  hospital  with  approximately  45.000  emergency 
visits  year,  seeks  full-time  emergency  physician  to  join  established 
group  Prefer  candidate  BC  BP  in  emergency  medicine,  internal  medi¬ 
cine  or  surgical  residency  program  completion  ACLS  and  ATLS 
certification  necessary  Our  progressive  facility  offers  a  highly  compre¬ 
hensive  benefits  package  and  competitive  salary  based  on  level  of 
professional  expertise  Submit  CV  or  contact  Dr  M  Ostroff.  Chief. 
Emergency  Medicine.  Mount  Smai  Hospital.  500  Blue  Hills  Avenue. 
Hartford  CT  06112,  203  242-4431  An  Equal  Opportunity  Employer 


FLORIDA:  ED  physician  needed  on  Floridas  southwest  coast  Excel¬ 
lent  opportunity  to  get  in  on  the  ground  floor  with  a  smail  independent 
group  at  a  new  hospital  Expected  remuneration  should  exceed 
$100,000  Respond  with  CV  to  ACEP  Box  929.  PO  Box  61991 1 .  Dallas. 
TX  75261-9911 


EMERGENCY  PHYSICIAN:  Sought  for  downtown  medium-volume  emer¬ 
gency  department  to  complete  group  of  five  Fbrticipation  in  medical  com¬ 
mand  of  ALS  system  serving  county  of  312.000  New  well-designed  emer¬ 


FLORIDA:  Emergency  medical  group  seeks  qualified  physicians  to 
staff  emergency  departments  and  critical  care  units  in  the  southeast 
Florida  area  Board-certified  -prepared  physicians  in  emergency 
medicine,  internal  medicine,  or  family  practice  preferred  Competitive 
salary  and  benefits  including  paid  malpractice  insurance  Send  CV  to 
Emergency  Medical  Group  PA  1400  NW  12th  Ave  Miami.  FL  33136 
305  325-1361 


FLORIDA:  Emergency  physician  wanted  to  staff  emergency  depart- 
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COASTAL 

A  Unique  Opportunity  Of  Choice 
With  Locations  In  15  States 

Career  practice,  Part-time,  l  ocum  Tenens. 

Directorships.  Teaching  positions 

Regional  Oi-tiui-s 
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I  I.  800  1.42  .400.4 
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VA  800-552  66.48 
Washington . VA  '’0.4-8  i  I  -0.4.4  4 


COASTAL  I  MLKCI  NCY  SLH\  ICLS.IXC. 


mem  and  or  walk-m  clinic  on  Florida's  Gulf  Coast  Great  recreational 
opportunities.  Excellent  reimbursement.  $90,000  yearly  with  growth 
potential  Three  years  practice  experience  versus  residency  required 
Send  CV  to  Dr  Wellington  Chen,  Ste  221.  Box  1900.  Sarasota.  FL 
33578.  813  349-0268 


FLORIDA:  Established  group  has  full-time  opportunities  for  career- 
minded  emergency  physicians  Choose  from  various  locations 
throughout  Florida  Attractive  remuneration  and  malpractice  insur¬ 
ance  provided  Please  send  CV  to  Karen  Block  EMSA.  8200  W  Sun¬ 
rise  Blvd.  Bldg  C.  Plantation.  FL  33322,  or  call  305  472-6922 


FLORIDA:  Immediate  full-time,  part-time,  and  locum  tenens  emer¬ 
gency  medicine  opportunities  in  central,  southeast,  and  Panhandle 
areas  Excellent  growth  potential  with  directorships  available  Inde¬ 
pendent  contractor  status,  flexible  schedules  and  professional  liability 
insurance  provided  Contact  Kathy  Valli.  Coastal  Emergency  Ser¬ 
vices.  Inc.  2200  Commercial  Blvd  Ste  203  Fort  Lauderdale.  FL 
33309.  800  328-1038  in  US,  800  432-3093  in  FL 


FLORIDA:  Independent  emergency  physician  group  seeks  well- 
qualified  applicants  for  full  time  teaching  clinical  duties  in  active  uni¬ 
versity  emergency  care  center  Full  benefits  package  Send  CV  to 
TEAM  PO  Box  18091  Tampa  FL  33679 


FLORIDA:  Need  full-time  or  part  time  physicians  primarily  for  FEC. 
possibly  for  ED  in  this  beautiful  west  coast  Florida  area  Prefer  career- 
oriented  EM  FP  US  trained,  board  certified  prepared  physicians 
with  ACLS  certification  Financial  package  very  competitive  with  in¬ 
centive  bonus  included  Florida  license  required  Contact  South  Flor¬ 
ida  Physicians.  Inc  William  Bess  MD.  1231  Hanlon  Ave  Ft  Myers  FL 
33901.813  334  0611 


FLORIDA:  Once  m  a  lifetime  opportunity  in  Florida  Gulf  Coast  Sara¬ 
sota  area  Modem  fully  equipped  ,3  000  square  toot  clinic  50  yards 
from  magnificent  beach  very  busy  family  practice  $300  000  annual 
For  sale  and  or  seeking  qualified  associate  Write  Oscar  Klein.  MD 
401  Manatee  Ave  W  Holmes  Beach  FL  .3.3510 


FLORIDA.  Primary  Care  Centers:  Recruiting  aggressive  emergency 
medicine  arid  family  pracfice  framed  physicians  to  staff  centers  on  a 
fuii-lime  basis  Positions  available  in  central  and  south  Florida  coastal 
communities  Excellent  opportunity  Guaranteed  salary  fee  for-ser- 
vice  incentives  profit  sharing  with  public  corporation,  malpractice 
insurance  paid  Send  CV  to  EMC  250  N  Babcock  St.  Ste  202 
Melbourne  FL  32935 


FLORIDA:  Young  emergency  physicians  needed  to  join  dynamic  cor 
poration  of  career  oriented  emergency  department  professionals 
EMS  and  ACLS  involvement  preferred  Several  locations  throughoul 
the  stale,  compatible  with  your  choice  and  style  ol  living  Florida 
license  required  and  US  trained  Contact  David  S  Mitchell,  Admin¬ 
istrator.  PO  Box  6230,  Clearwafer.  FL  33518.  or  call  colled  813 
446  7123 


FLORIDA:  Young  group  of  emergency  specialists  expanding  ED  cov¬ 
erage  requires  five  positions,  preferably  residency  trained  or  board 
prepared  with  ACLS  certification  Salary  very  competitive  with  eventual 
partnership  available  Write  R  Brereton,  MD.  2030  SE  28th  St.  Cape 
Coral.  FL  33904.  or  call  813'574-3442  or  813/334-5334 


FLORIDA,  Central:  Family  physician  or  emergency  physician  needed 
tor  private  freestanding  emergency  center  in  rapidly  growing  area 
Excellent  compensation.  Please  contact  Martin  W  Cunningham.  MD 
5030  SE  14th  PI,  Ocala.  FL  32671 


FLORIDA,  Central:  FEC  operating  as  a  medical  center  in  rural  area 
near  Orlando  providing  acute  medical  care  on  a  walk-in  basis  in 
addition  to  more  traditional  family  practice  care  Seeking  FP-oriented 
physician  Directorship  available  CME  and  malpractice  provided 
Competitive  hourly  rate  Write  JM  Garner.  MD.  Dept  A,  890  SR  434 
North.  Altamonte  Springs  FL  32714.  or  call  Sandy  Teal  305  788-0786 


FLORIDA,  Central:  Two  full-time  emergency  physicians  needed  tor 
hospital-based  group  Time  split  between  ED  and  walk-in  clinic  opera- 
lions  Full  specially  backup,  malpractice  paid  Florida  license  re¬ 
quired.  board  certified/prepared  in  emergency  medicine  40.000  + 
paiienl  visits  per  year  Partnership  opportunities  are  available,  salary 
more  than  competitive  Respond  in  confidence  to  ACEP  Box  926.  PO 
Box  61991 1 .  Dallas.  TX  75261-991 1 


FLORIDA,  East  Coast:  Full-lime  emergency  physician  (2)  Prefer  US 
graduate,  boaid  cerlilied  prepared  in  emergency  medical  or  primary 
care  (family  practice)  or  (internal  medicine)  200-bed  hospital  wiih 
12  000  ED  visits  per  year  Good  salary  plus  malpractice,  health  policy, 
disability  policy,  and  term  life  insurance  included  Excellent  recrea¬ 
tional  area  Florida  license  required  Send  replies  and  CV  to  Donald  C 
Johnson.  MD.  233  Osceola  Ave.  Ormond  Beach  FL  32074.  or  call 
904  672-4791 


FLORIDA,  Ft  Lauderdale:  Emergency  medicine  group  seeking  career- 
oriented  primary  care  emergency  physician  Board  certified  prepared 
in  emergency  medicine  required  Full-  or  part-time  Submit  CV  to 
Barbara  Fountain,  2727  E  Oakland  Park  Blvd  Ft  Lauderdale,  FL 
33306 


FLORIDA,  Gainesville:  Emergency  physician  needed  tor  full-time 
position  in  busy  community  hospital  emergency  department  Excel¬ 
lent  compensation  in  a  university  city  Prefer  board  certified  prepared 
m  emergency  medicine  Reply  with  CV  to  Jack  Derovanesian  MD 
Department  ot  Emergency  Medical  Services  Alachua  General  Hospi¬ 
tal  801  SW  2nd  Ave  Gainesville.  FL  32602.  904  372-4321,  ext  4135 


FLORIDA,  Gulf  Coast:  Tampa  to  Naples  Board -cerlilied  or  soon-to-be 
MDs  to  stall  Walk  In  Medical  Centers  Ideal  locations  Excellent  re¬ 
muneration  Send  CV  to  Box  537  Venice  FL  33595  or  call  Raymond  J 
McDermott  MU  FACI.P  813  486  4858  or  484  3453  after  6  pm 


FLORIDA,  Jacksonville  and  St  Augustine  Areas:  Yount]  group  ol  emer 
gentry  physicians  interested  in  expanding  with  residency- trained  or 
highly  experienced  emergency  physicians  Baseline  hoard  prepara 
lion  required  P'ease  contact  Emergency  Physicians  Inc,  PO  Box 
6178  Jacksonville  FI  32307  904  396  5682 
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medicine  preferred  Competitive  salary,  fringe  benefits,  paid  malprac¬ 
tice  insurance  Send  CV  to  Emergency  Medical  Group,  PA,  1400  NW 
12  Ave.  Miami,  FL  33136;  or  call  305/325-1381, 

FLORIDA,  Okeechobee:  Emergency  physician  needed  to  work  in  a 
low-volume  hospital  near  Lake  Okeechobee  This  rural  area  boasts 
great  fishing  and  hunting.  Excellent  malpractice  insurance  provided 
Please  send  CV  to  Harriet  Schwartz,  EMSA.  8200  W  Sunrise  Blvd, 
Bldg  C,  Plantation.  FL  33322;  or  call  305/472-6922. 

FLORIDA,  Orlando:  Young  emergency  group  with  immediate  open¬ 
ings  for  full-time  emergency  physician  in  ED  and  emergency  clinic;  US 
training  and  ACLS  required,  excellent  opportunity  in  community  hospi¬ 
tal  Send  CV/inquiries  to  Jock  Sneddon.  MD,  6001  Vineland  Rd,  Ste 
108.  Orlando,  FL  32819;  305/351-6682 

FLORIOA,  Palm  Beach  County:  New  group  staffing  two  beautiful  hos¬ 
pitals  seeks  board-certified/-prepared  ACLS  emergency  physicians 
Excellent  compensation  and  possibilities  for  advancement  within  the 
group  Malpractice  and  other  benefits  paid.  Work  ten  shifts/month  and 
enpy  this  great  area  the  other  twenty.  No  administrative  headaches 
Individuals  must  have  good  people  skills  and  experience  in  emergen¬ 
cy  medicine.  Submit  CV  with  references  to  Medical  Director,  PO  Box 
273503.  Boca  Raton.  FL  33427. 

FLORIDA,  Panama  City  Beach:  Associate  director  for  moderate  vol¬ 
ume  walk-m  clinic  in  beautiful  resort  community.  Prefer  US-trained 
board-prepared  MD  or  DO  with  family  practice,  emergency,  or  internal 
medicine  experience  Guarantee  $75,000  minimum  plus  percentage 
of  gross  and  buy-in  after  six  month  tenure  Bay  Walk-In  Clinic,  2306 
Highway  77.  Panama  City.  FL  32406. 

FLORIDA,  Pensacola:  Great  opportunity  for  US-trained,  experienced 
physician  board  certified/prepared  in  emergency  or  primary  care 
medicine  For  details  contact  John  Hybart,  MD,  Emergency  Dept, 
5151  N  9th  Ave.  Pensacola.  FL  32504,  904/474-7843 

FLORIDA,  SanibeLFt  Myers  Beach:  Now  seeking  several  full-time  phy¬ 
sicians  for  our  two  freestanding  emergency  centers  in  this  Gulf  Coast 
resort  area  Interested  parties  should  send  CV/inquiries  to  FEP  Inc, 
1349  Chalon  Lane.  Ft  Myers.  FL  33907;  or  phone  Dr  Gavin  at  813/ 
482-8528  or  334-5334 

FLORIDA,  Southeast  Coastal  Area:  Unique  opportunity  for  someone 
with  internal  medicine  and  emergency  medicine  experience.  Expand¬ 
ing  office  based  practice  opportunity  to  earn  $80,000  plus  with  equity 
participation  available  Send  CV  in  confidence  to  SRM  &  Associates, 
Inc.  1060  NE  28  Terrace.  Pompano  Beach,  FL  33062 

FLORIDA,  Tallahassee:  Experienced  emergency  or  family  practice 
physician  needed  immediately  for  established  walk-in  clinic.  Minimum 
guarantee  with  incentive  bonus  and  partnership  opportunity.  Pictur¬ 
esque  state  capitol  with  excellent  educational  and  cultural  oppor¬ 
tunities.  Contact  Jay  Maggiore.  MD.  904/234-8492 
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EMERGENCY  MEDICAL  PHYSICIANS,  P.C. 

EMP  is  an  expanding  physician  owned 
emergency  group  dedicated  to  excellence 
in  patient  care.  Locations  in  Wyoming, 
South  Dakota,  and  Washington.  If  you  have 
residency  training  and/or  experience  and 
wish  the  challenge  of  participating  in  a  con¬ 
genial  quality  group,  send  CV  or  contact  us 
at  P.O.  Box  805,  Cheyenne,  WY  82003,  or 
307/632-1436. 


Don’t  take 
a  chance 
with  your 


career ...  \  nfm 

Emergency  Physi-  L'\  \lv2l  /  - 
cian  Associates  is  1/  \  1\«|/ 

seeking  physicians  j 

with  Emergency  _ 

Medicine,  Inter-  ^ 

nal  Medicine  and 

Family  Practice  backgrounds  who  are  ex¬ 
perienced  and  interested  in  a  challenging 
career  in  Emergency  Medicine. 

We  are  currently  interviewing  for  posi¬ 
tions  in  N.J.,  Pa.,  N.Y.,  De.  and  Md. 

Send  your  CV.  in  confidence  to; 

James  E.  George,  M.D. 

Emergency  Physician  Associates 

PO.  Box  298 

Woodbury,  N.J.  08096 

Or  call  Donna  L.  Wallace,  Physician 

Recruitment  at  (609)  848-2088. 


FLORIDA,  Tampa,  Clearwater,  St  Pete:  Join  the  growth  of  a  dynamic 
immediate  care  service  network.  Salary/early  partnership  options.  US- 
trained.  board-certified/-prepared,  or  experienced  primary  care  phy¬ 
sician,  Florida  license,  good  communications,  excellent  bedside 
manner  essential.  Send  CV  to  D  Duncan,  804  Franklin  St  Mall.  Tampa. 
FL  33602.  or  call  813/229-0946 

GEORGIA:  Emergency  physician  position  available  with  well-estab¬ 
lished  and  respected  group,  mid-state  area.  Emergency  medicine  or 
family  practice  experience  preferred.  Income  $110,000  plus.  Send  CV 
with  references  to  John  R  Vaughn.  MD.  PO  Box  77188,  Atlanta,  GA 
30357.  or  call  912/922-0042 

GEORGIA,  Swalnsboro:  Director  needed  for  73-bed  hospital  with  an 
annual  patient  volume  of  5,000  located  in  central  Georgia.  Short 
distance  from  Macon,  Savannah,  and  Augusta,  and  90  miles  from  the 
coast  Golfing  and  wildlife  hunting  are  readily  available  Independent 
contractor  status  with  competitive  compensation  and  malpractice 
provided  For  further  information  contact  Coastal  Emergency  Ser¬ 
vices.  Inc.  PO  Box  925.  Augusta,  GA  30903;  or  call  collect  404/ 
724-3368 

HAWAII:  Multi-hospital  group  has  an  opening  for  a  full-time  experi¬ 
enced  emergency  physician  Recent  experience  or  residency  re¬ 
quired  Send  resume  to  Mr  Stephen  Goodhart,  Business  Manager, 
Hawaii  Emergency  Physicians  Associated.  Inc.  PO  Box  1266.  Kailua. 
HI  96734.  808  261-3326 

IDAHO:  Eight  -man  group  seeking  ninth  physician  Live  near  skiing 
fishing,  hunting  and  wilderness  while  practicing  in  two  modern  medi¬ 
cal  centers,  one  is  a  trauma  center  with  active  EMS  system  Seeking 
experienced  EM  physician  preferably  with  administrative  experience 
and  EM  certification  Competitive  salary,  malpractice,  retirement,  and 
other  fringes  Send  CV  to  PO  Box  2572.  Boise  ID  83701  or  call  208 
322-1730 

ILLINOIS:  Emergency  physicians  needed  by  stable  fee-for-service 
group  located  in  cential  Illinois  town  of  40.000  Candidate  should  be 
board  certified  prepared  in  emergency  medicine  family  practice  or 
internal  medicine  Salary  $95  000  plus  paid  malpractice  insurance 
Early  partnership  18  000  annual  visits  Paramedic  program  Send  CV 
to  ACEP  Box  922  PO  Box  619911  Dallas  TX  75261  9911 
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ILLINOIS:  Pri  vate  fee-for-service  group  staffing  400-bed  community 
hospital  seeks  career-minded  emergency  physician  to  complete 
group  Active  paramedic  program  and  family  practice  residency  pro¬ 
gram  Pleasant  community  of  90.000  centrally  located  with  easy  ac¬ 
cess  to  Chicago.  St  Louis.  Indianapolis,  and  Big  10  campus  Good 
schools  parks  and  recreation  with  active  cultural  groups  Physician- 
owned  corporation  provides  life,  medical,  and  disability  insurance 
pension  and  protitshanng  plans  Income  in  excess  of  $90,000  Send 
resume  to  GA  Snyder.  MD.  1800  E  Lake  Shore  Dr  Decatur.  tL  62521 

ILLINOIS:  Small  Chicagoland  group  of  emergency  medicine  spe¬ 
cialists  is  seeking  board-certified  -prepared  or  residency-trained  phy¬ 
sician  New  state-of-the-art  trauma  center  EMS  resource  hospital 
moderate  volume,  comfortable  pace  Excellent  compensation,  guaranteed 
salary  and  incentives  flexible  scheduling,  pleasant  community 
with  liberal  lifestyle  Individuals  interested  in  ED  administration  and  the 
development  of  new  ED  contracts  are  strongly  encouraged  to  apply 
Call  Joe  Danna.  N/1D  Ron  Kur^e|ka.  MD  at  815  937-2239  or  815  937- 
2100  St  Marys  Hospital  Kankakee.  IL 

ILLINOIS,  Champaign/Urbana:  Full-  or  part-time  positions  available  tor 
career  emergency  physicians,  flexible  scheduling  with  opportunity  to 
work  in  hospital  emergency  department  or  FEC  Big  10  university  town 
with  state-of-the-art  paramedic  program  Send  CV  to  Mercy  Hospital. 
1400  W  Park  Urban;!  IL  61801  Contact  G  Roth  MD  FACEP.  217  337- 
2131 

ILLINOIS,  Chicago:  Emergency  department  corporation  needs  lull- 
time  emergency  physicians  ABEM-certified  or  prepared  to  sit  for 
certification  to  staff  three  500-bed  community  Hospitals  in  metro¬ 
politan  Chicago  Good  specialty  backup  Administrative  positions 
open  to  qualified  applicants  Excellent  salary,  benefits  Send  resume 
to  LMSCO  Ltd  999  E  Touhy  Ave  Suite  145  Des  Plaines.  IL  60018 
312  297  5620 

ILLINOIS,  Chicago:  Immediate  opening  available  lor  tull-time  emer¬ 
gency  physician  in  community  hospital.  North  Shore  suburb  of  Chi¬ 
cago  Excellent  compensation  package  including  paid  malpractice 
insurance  Satellite,  intermediate  care'sports  medicine  and  wellness 
chrucs  to  include  staffing  for  fall  1985  Qualified  candidates  should 
send  resume  to  Craig  Dean,  MD.  Medical  Center  of  Lake  County.  900 
Garfield  Libertyville  IL  60048 
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EMERGENCY  PHYSICIAN 

Deaconess  Hospital 
Evansville,  Indiana 

Our  congenial,  secure,  stable  group  of  board- 
certified/board-qualified  emergency  physicians 
seeks  an  experienced,  board-certified/-qualified  or 
residency-trained  emergency  physician. 

We  service  the  emergency  department  of  a  600- 
bed  community/teaching  hospital  with  34,000  an¬ 
nual  ED  visits. 

This  position  offers  excellent  scheduling  with  an 
average  28-32  hour  work  week  (8  hour  shifts,  week 
on-week  off)  and  a  compensation  package  of 
$100,000  with  eventual  full  partnership  opportunity. 
Additional  compensation  is  available  should  the 
successful  candidate  desire  to  rotate  through  our 
three  affiliated  urgent  care  centers. 

For  further  information  contact: 

Peter  L  Stevenson,  MD,  FACEP 

Director  of  Emergency  Medical  Services 
Deaconess  Hospital,  Inc. 

600  Mary  Street 
Evansville,  Indiana  47747 

812/426-3498  or  812/464-8942  (collect) 
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ILLINOIS,  Chicagoland:  Established  FFS  corporation  seeking  board- 
certified  prepared  emergency  physicians  for  community  hospitals  in 
Chicago  and  suburbs  Directorship  available  to  qualified  candidate 
Highly  developed  EMS  program  Send  CV  to  Emergency  Physicians 
Group  430  Milwaukee  Ave.  Prairie  View.  IL  60069  Contact  Ms  Barbara 
La  Piana  312  634-4640 

CHICAGOLAND  AREA:  Immediate  opportunities  for  emergency  phy¬ 
sicians  who  possess  excellent  clinical  and  communication  skills  to  |oin 
tongstanding  group  of  emergency  physicians  Positions  available  in 
Chicago  northwest  suburbs,  far  northern  suburbs  bordering  Wiscon¬ 
sin  and  popular  Wisconsin  area  bordering  Illinois  If  interested,  send 
resume  lo  Barbara  Wilc?ynski.  Medical  Emergency  Service  Associ- 
ates(MLSA)  SC  15  S  McHenry  Rd.  Sle  2,  Buffalo  Grove.  IL  60090:  or 
call  collect  312  459-7304 

ILLINOIS,  Galesburg:  Full  -time  and  part-time  positions  available  tor 
emergency  physicians  Excellent  compensation.  200-bed  hospital. 
10  000  annual  visits  Immediate  positions  available  Contact  Prakash 
N  K t tot  MD  300  N  Mam  Abingdon  IL  61410  309  342-7678.  or 
309  4b?  r,6?6 

ILLINOIS.  Joliet:  Full  n  me  positions  available  for  career  emergency 
bhy'.if  inti',  rnmn  iileii  in  guaMy  care  and  departmental-community 
deve.i  ipn  eoi  Work  W'lh  paramedic  system  medical  staff  develop- 
e  i -'il  i  oritinuing  medical  education  planning  ot  new  ED  and  primary 
<  are  '  it  '  it i*  “  e  It  i< •  i  on  rnumty  Resource  hospital  with  full  specialty 
b. i'  k  i(  ( .nnt.n  l  Brent  Si  ott  MD  fH7  Bearwood  Central  Oak  Brook. 
U  bob.'  *  lIPbHb  54  75  o»  8t‘>  729  7563 

ILLINOIS,  Peoria:  ?/',  tied  pro.)  revive  community  hospital  centrally 
in  iieo  lu-tween  Chicago  and  St  Louis  is  seeking  an  emergency 
tibf'.'i  i.n  Board  i  ertitii  , i!mn  in  emergency  medicine  preferred  Also 
a<  ••[  'tab  >■  are  i  ertifioatu  ms  m  family  medicine  internal  medicine,  or 
•  Cain  or 'tr.it  t  status  Position  available  October.  1985  Flexible 

v  fieiln  it j  rr . i  pr, n  Ik  e  insurance  competitive  compensation  fcx- 
e  pot  I  n  nil,-,  and  nursing  stall  lull  specialty  backup  moderate 
volume  tier ir t  ,  or'ifuiiim  vitae  to  FI  Garrett  McGowan.  Sr  Vice  Presi- 
lent  Pr<  ,o!or  ( > immunity  I  tospital  5409  N  Knoxville,  Peoria.  IL  61614. 
109  hoi  4  ><).' 


ILLINOIS,  Quad-Cities  Area:  Seeking  emergency  physicians  with  resi¬ 
dency  training  and-or  prior  ED  experience  for  both  full-time  and  locum 
tenens  opportunities  in  very  attractive,  moderate-volume  facility  Ex¬ 
cellent  nursing  staff  Directorship  also  available  Competitive  hourly 
rates  malpractice  insurance,  and  flexible  scheduling  For  more  infor¬ 
mation.  contact  Emergency  Consultants,  Inc.  2240  S  Airport  Rd.  Ste 
101  Traverse  City.  Ml  49684,  800/253-1795.  or  in  Ml  800/632-3496 

INDIANA,  Emergency  Medicine  Position  Available:  Opportunity  for 
experienced  emergency  physician  to  join  professional  group  practic¬ 
ing  in  Hobart  and  Gary,  Indiana  Contact  Dr  Cornelius  Arnold  at 
312  747-7115 

INDIANA,  Central:  Physician-owned  emergency  group  accepting  ap¬ 
plications  for  full-time  career-oriented  emergency  physicians  Flexible 
work  schedules  and  excellent  benefit  package  Part-time  and  direc¬ 
torship  positions  also  available  Send  CV  lo  Margi  Beeson.  Midwest 
Medical  Management.  Inc.  528  Turtle  Creek.  North  Dr.  Ste  F-4.  Indi¬ 
anapolis  IN  46227.  317  783-7474 

INDIANA,  North  of  Indianapolis:  Immediate  full-time  position  and  di¬ 
rectorship  opportunity  available  in  newly-renovated  emergency  de 
partment  Hourly  salary  flexible  scheduling,  malpractice  insurance 
provided  Locum  tenons  opportunities  also  available  For  more  intor 
mation  contact  Emergency  Consultants  Inc  2240  S  Airport  Rd  Ste 
101  traverse  City  Ml  49684  800  253-1795  in  Michigan  800 
632  3496 

IOWA:  Immediate  full  lime  position  available  tor  emergency  physician 
lo  staff  two  hospitals,  a  Level  II  trauma  center  and  a  regional  resource 
hospital  m  Sioux  City  AOLSA1LS  required  Excellent  staff  backup 
witt i  attractive  hourly  wage  Send  CV  to  Don  E  Boyle  MD  2918 
Hamilton  Blvd  Sioux  City  IA  51104 

IOWA:  Physicians  for  neighborhood  clinics  m  ()t».  Mo-nrs  luSutM 
medicine  family  paclice.  and  emergency  physu  1,1ns  pretrrmd 
Scheduled  hours  Competitive  compenseluin  package  Pl.i  fCf 
65574.  West  Des  Moines  lA  50i’h5  or  ca'l  515  ,.\'M 

LOUISIANA,  New  Orleans:  Position  for  a  fun  lime  bna'd  <  ‘ 

-prepared  emergency  pfiysu  uin  Cai-  or  writ*1  John  S  Sa'aK  »■  M!  ! 
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2025  Gravier  St.  New  Orleans,  LA  70112  504/524-6489 

MAINE:  Director  of  emergency  department  needed  for  modern  multi- 
facility,  233-bed  hospital  system  with  multi-specialty  medical  staff 
located  in  a  progressive  university  town  in  northern  Maine.  Board- 
certifiedz-prepared  candidates  preferred.  Competitive  salary  offered 
and  excellent  fringe  benefits  available.  Please  forward  C V  to  Richard 
Wilson,  MD,  Medical  Director,  The  Aroostook  Medical  Center,  PO  Box 
151,  Presque  Isle,  ME  04769 

MAINE:  Immediate  opening  for  emergency  physician.  Prefer  emer¬ 
gency  medicine  boarded  or  family  practice/internal  medicine 
boarded  with  emergency  department  experience  for  moderate-vol¬ 
ume  emergency  department.  Teaching  opportunities  for  Mame- 
Dartmouth  FP  residents,  PAs,  and  EMTs.  Located  in  Central  Maine 
Lakes  Region  between  the  ocean  and  the  mountains.  Excellent  recre¬ 
ational  activities.  Contact  Marshall  T  Chamberlin,  MD,  3  Colony  Rd, 
Augusta.  ME  04330;  207/623-4089  or  207/623-4711  ext  302. 

MARYLAND:  Career-oriented  emergency  department  professionals 
seek  qualified  physicians  to  staff  emergency  departments  in  Coastal 
Maryland,  southern  Pennsylvania,  and  Washington  DC  area.  Attractive 
compensation  package  Respond  with  CV  to  Sally  Bowen,  FEMSA, 
6227  Executive  Blvd,  Rockville,  MD  20852;  or  call  301-984-0353 

MARYLAND,  Baltimore:  High  quality  group  with  two  stimulating  and 
contrasting  practice  locations  in  community  teaching  hospitals,  seeks 
career  emergency  physicians.  Modern  facilities,  excellent  backup 
Position  entails  clinical  teaching  and  administrative  duties.  Excellent 
salary,  benefits,  working  conditions.  Prefer  emergency  medicine 
board  certified/prepared,  residency  trained  in  emergency  medicine  or 
FP.  IM.  or  GS  with  experience.  ACLS.  ATLS.  Reply  in  confidence  to 
ACEP  Box  877,  PO  Box  619911,  Dallas,  TX  75261-9911. 

MARYLAND,  Baltimore:  Night  person/colleague  sought  by  dynamic 
group  based  at  two  community/teaching  hospital  locations.  If  you  are 
that  special  person  that  prefers  night  duty  and  wants  to  be  a  full 
member  of  the  "team,''  please  contact  us.  Excellent  salary,  benefits, 
and  working  conditions.  Prefer  emergency  medicine  board  certified/ 
prepared,  residency  trained  in  emergency  medicine  or  FP,  IM,  or  GS 
with  experience.  ACLS.  ATLS  Reply  in  confidence  to  ACEP  Box  876, 
PO  Box  619911,  Dallas,  TX  75261-991 1 . 

MARYLAND,  Baltimore:  Very  successful,  well  established,  indepen¬ 
dent,  fee-for-service  group  based  in  busy,  modern  suburban  commu¬ 
nity  hospital,  seeks  career  EM  physician  Competitive  salary  and 
schedule  Board  certified/prepared  in  EM  or  related  field  Immediate 
availability.  Send  CV  to  Eric  Toner,  MD.  Box  5488.  Towson,  MD  21204 

MASSACHUSETTS:  Expanding  independent  group  staffing  emergen¬ 
cy  department  with  40.000  annual  patient  visits  seeks  additional  asso¬ 
ciates.  Family-oriented  community  within  30  minutes  of  Boston, 
beaches,  and  within  90  minutes  of  skiing  and  Cape  Cod  Reply  in 
confidence  to  Joel  B  Hellmann.  MD.  Director,  Emergency  Department, 
Bon  Secours  Hospital.  70  East  St.  Methuen.  MA  01844.  617/687-0151 

MASSACHUSETTS:  40.000+  annual  visit  emergency  department 
seeking  full-time  physician.  Must  have  minimum  three  years  ED  expe¬ 
rience  Prefer  board  certification  Location  Eastern  Massachusetts 
Please  send  CV  on  first  response  to  ACEP  Box  923.  PO  Box  619911. 
Dallas.  TX  75261-9911. 

MASSACHUSETTS:  Full-time  emergency  and  ambulatory  care  physi¬ 
cians  in  Springfield.  Massachusetts,  area.  Available  July  1985  Emer¬ 
gency  department  residency  or  experience  equivalent  preferred.  Sal¬ 
ary  competitive,  excellent  benefits.  Contact  James  D  Anderson,  MD, 
Emergency  Physicians,  Inc,  PO  Box  662.  E  Longmeadow.  MA  01208, 
or  call  413/525-1554. 

MASSACHUSETTS:  Immediate  opening  Excellent  opportunity  for 
board-certified'-prepared  emergency  physician.  University-affiliated 
community  hospital  45.000  visits.  Desirable  location  20  miles  from 
Boston  Highly  attractive  compensation  package  and  schedule  Send 
CV  in  confidence  to  T  Blair.  MD.  FACER  Chief  of  Emergency  Services, 
Brockton  Hospital.  680  Centre  St,  Brockton,  MA  02402 

MASSACHUSETTS:  Independent  group  of  five  emergency  medicine 
residency-trained  physicians  seeking  a  sixth  member  ED  volume  of 
20  000  serviced  by  Cape  and  Islands  EMS  system.  Guaranteed  sal¬ 
ary  and  comprehensive  benefit  package  are  competitive  with  area 
Coastal  location  with  easy  commute  to  Boston  and  Providence  Send 
CV  to  ACEP  Box  820  PO  Box  619911.  Dallas.  TX  75261-9911;  or  call 
617  788  2235 


EMERGENCY 

DEPARTMENT 

OPPORTUNITIES 


Excellent  opportunities  with  dyiiumic  growing  company.  As  one  of 
the  fastest  growing  KtJ  groups  on  the  West  Coast,  we  offer  subcontrac¬ 
tor  status.  paid  malpractice,  hourly  minimum  guarantee  and  percent¬ 
age.  Current  opportunities  offering  incomes  ranging  from  $53,000- 
$159,500: 

•  OREGON 

Portland  —  high  volume  directorship 

•  TEXAS 

Greater  Dallas  —  directorship  staff  positions 
El  Paso  —  staff  positions 

Greater  Lubbock  Area  —  progressive  ED  with  good  backup 
Houston  —  directorship-staff  positions 

•  WASHINGTON 
Coastal  area  community 

•  CALIFORNIA 

Ventura  County  —  coastal  ED 
LA  Area  —  Spanish  language  fluency  preferred 
San  Luis  Obispo  —  scenic  Oceanside  community 
Marin  County  —  north  of  San  Francisco 

Kern  County  —  high  desert  community  near  mountains 
directorship 

Calexico  —  low  volume/easy  commute  from  San  Diego 
Sacramento  —  IVj  hours  to  Lake  Tahoe  ski  resorts 

•  FLORIDA 

Greater  Tampa  Area  —  2  EDs  in  Gulf  Coast  cities 

•  SOUTH  CAROLINA 

Greater  Charlotte  Vicinity  —  directorship  staff  positions 
For  more  information  regarding  these  or  oilier  opportunities,  please 
call  or  send  your  CV  to: 

MEDiCUS  MEDICAL  GROUP 
1373  Post  Street 
San  Francisco,  CA  94109 
(415)441-8232 


MASSACHUSETTS,  Worcester:  Emergency  medicine  attending  want¬ 
ed  at  341 -bed  major  teaching  affiliate  of  U-Mass  Medical  Center. 
30.000  +  visits/year,  regional  resource  hospital.  BC/BP  preferred;  aca¬ 
demic  appointment  available  tor  qualified  applicants.  Responsibilities 
include  teaching  and  patient  care  in  concert  with  outstanding  medical 
housestaff  EM  residency  planned  July,  1987.  Send  CV  to  Gordon  W 
Josephson,  MD.  Chief,  Emergency  Medicine,  Worcester  Memorial 
Hospital.  119  Belmont  St,  Worcester,  MA,  01605;  617/793-6291. 

MICHIGAN,  Emergency  Physicians:  Full-  or  part-time  positions  in  rural 
southwest  Michigan  Competitive  reimbursement;  ACLS  required, 
ATLS  preferred  Nice  rural  community.  Please  send  CV  to  ACEP  Box 
928.  PO  Box  619911,  Dallas.  TX  75261-9911. 

MICHIGAN:  Exceptional  opportunity  for  career-minded,  board-cer¬ 
tified  emergency  physician  Recent  expansion  in  volume  of  this  emer¬ 
gency  department  requires  qualified  addition  to  our  experienced  staff 
Position  offers  excellent  benefits  and  remuneration,  as  well  as  ready 
access  to  Michigan's  year-round  vacationland  For  additional  informa¬ 
tion.  please  send  resume  or  call.  Louis  E  Ze lie,  President,  St  Luke's 
Hospital,  705  Cooper.  Saginaw.  Ml  48602.  517/771-6000 

MICHIGAN:  Full-  and  part-time  positions,  including  directorships, 
available  in  our  southeastern  Michigan  treestanding  immediate  care 
centers  Paid  malpractice  and  stock  ownership  included  in  an  excel¬ 
lent  reimbursement  package  Write  Family  First  Medical  Centers.  325 
E  Eisenhower  Parkway.  Ann  Arbor,  Ml  48104;  or  call  Margaret  Turner. 
313729-5780 

MICHIGAN:  Rapidly  expanding  group  of  emergency  physicians  with 
opportunities  tor  qualified  full-time  and  part-time  physicians  Salary 
with  many  fringes  including  stock  in  PC  Send  resume  for  complete 
details  MEDIC  PC,  PO  Box  1116,  Grand  Rapids.  Ml  49501 

MICHIGAN:  Residency  -trained  or  board-certified  emergency  physi¬ 
cian  for  full-time  position  in  spring  '386  Teaching  hospital  To  join  well- 
established  group  in  southwest  Michigan  Outstanding  residential 
community  and  superlative  recreational  and  cultural  opportunities 
Please  send  CV  to  ACEP  Box  912.  PO  Box  619911,  Dallas  TX 
75261-9911 

MICHIGAN:  Urban-suburban  community  teaching  hospital  Career 


*4  8  August  1985 


Annals  of  Emergency  Medicine 


5s 


.-.v; 


V  v VVV v;  -  v. .  .v;.  . . 


/EMERGENCY 
DEPARTMENT 
FACULTY  POSITION 

The  Emergency  Department  of  Albany  Medical  Cen¬ 
ter  Hospital  is  recruiting  for  a  full-time  faculty  posi¬ 
tion  effective  July  1, 1985.  Albany  Medical  Center  is  a 
major  regional  referral  center  located  in  the  state 
capital.  The  800-bed  main  teaching  hospital  of  Al¬ 
bany  Medical  College.  AMCH  is  a  regional  trauma 
center  with  an  active  helicopter  transport  program. 

Responsibilities  will  include  teaching  medical  stu¬ 
dents,  interns,  residents  and  physicians  assistants 
as  well  as  the  treatment  of  major  medical  and  sur¬ 
gical  cases. 

Candidates  should  have  completed  an  accredited 
residency  training  program  in  emergency  medicine, 
medicine  or  surgery  and  be  qualified  to  accept  an 
appointment  at  Albany  Medical  College.  Working 
experience  in  a  large  teaching  hospital  is  preferred. 

Interested  individuals  should  send  curriculum  vitae 
to: 

Nicholas  Nehrbauer,  M.D. 

Director,  Emergency  Department 

Albany  Medical 
I  j£9Menter  HOSPITAL 

V  It  1 1 1  •  New  Scotland  Avenue  A 

Albany,  New 

affirm  action/equal  oppty  employer 

emergency  physician  Prefer  ABEM  certified  prepared  Department 
provides  medical  control  for  ALS  system  Attractive  compensation 
package  Send  CV  to  Joseph  L  Schirle,  MD  Pontiac  General  Hospital. 
461  W  Huron.  Pontiac  Ml  48053,  or  call  313,857-7440 

MICHIGAN,  Ann  Arbor/Detroit  Area:  L  ookmg  for  career-oriented  emer¬ 
gency  physicians  board  certified  prepared  in  emergency  medicine, 
internal  medicine,  surgery,  or  family  practice  Directorships  with  sti¬ 
pends  available  Excellent  compensation  including  malpractice  insur¬ 
ance  Contact  Emergency  Consultants,  Inc.  One  Windemere  Pi.  Pe- 
toskey  Ml  49770  800  253  7092  or  in  Michigan  800  632-9650 

MICHIGAN,  Detroit  Area:  Full  time  positions  available  at  24.000-visit 
community  emergency  department  Contracting  group  operates 
Class  I  trauma  center  in  area  and  university  emergency  medicine 
residency  program  Fee-for-service  compensation  with  occurrence 
based  malpractice  provided  Contact  Brooks  F  Bock,  MD,  Medical 
Center  Emergency  Services,  PC  4201  St  Antoine.  Detroit,  Ml  48201 
313  494-3330 

MICHIGAN,  Flint:  Residency-trained  or  board -prepared  physician 
needed  to  join  lull  fee  tor- service  group  Compensation  over  $90K  plus 
benefits  33  500  annual  visits  in  established  residential  area  adiacenl 
to  University  of  Michigan-Flint  campus  Centrally  located  to  Detroit. 
Ann  Arbor  and  recreational  areas  Send  CV  to  SJHS  Emergency 
Services  12426  Mocen  Dr  Grand  Blanc.  Ml  48439,  313  694-3921 

MICHIGAN,  Grand  Rapids.  Well-established  group  needs  additional 
member  for  full-time  position  350-bed  hospital  with  30  000  visits  per 
year  E.D  group  all  board  certified  in  emergency  medicine  Excellent 
remuneration  and  pension  plan  in  congenial  group  Applicant  must  be 
residency  trained  in  emergency  medicine  or  board  certified  in  emer¬ 
gency  medicine  City  has  many  cultural  advantages  and  west  Michi¬ 
gan  area  is  exceptional  lor  its  recreational  opportunities  and  outdoor 
sports  Send  CV  to  William  C  Daney,  MD,  Chairman,  Dept  of  Emergen¬ 
cy  Medicine  St  Marys  Hospital  200  Jefferson,  SE,  Grand  Rapids,  Ml 
49503  phone  616  774  6789  or  616  949-9536 

MICHIGAN,  Saginaw:  Opportunity  tor  EM  residency-trained  or  highly 
experienced  emergency  physician  to  |oin  progressive,  established 
live-man  group  covering  255-bed  teaching  hospital  in  new  ED  Hospi¬ 
tal  provides  tertiary  care  tor  trauma  neurosurgery,  and  burn  patients 


Academic  appointment  through  Michigan  Stale  University  uvai  abe 
tor  qualified  individuals  ED  is  medical  control  lor  county  ALS  system 
Group  has  newly  established  urgent  care  center  and  excellent  com¬ 
pensation  Contact  GM  Mailman  MD.  Dept  of  Emergency  Medicine 
517  776-8200.  or  AJ  Ziner,  517  776-8300  Si  Marys  Hospital  830  S 
Jefferson,  Saginaw,  Ml  48601 

MISSISSIPPI,  Greenville:  Delta  city  of  50  000  surrounded  by  lakes  and 
recreational  areas  Flexible  schedules  will  accommodate  vacations 
and  hunting  season  Income  range  of  $80-100.000  depending  on 
pathology  and  volume.  Busy  ED  with  high  degree  of  trauma  sees 
18.500  p clients  per  year  and  has  shown  steady  growth  since  1976 
New  11.000  sq  It  department  in  250-bed  medical  center  which  serves 
as  EMS  satellite  center  to  University  ot  Mississippi  ED  sees  98%  ot 
patients  with  excellent  medical  staff  backup  This  is  a  fee-for-service 
opportunity  where  income  potential  is  not  limited  Fischer  Mangold 
provides  most  malpractice  coverage,  CME.  potential  group  incentive 
after  3  years,  and  directorships  with  incentive  Pase  Contact  Ken 
Baker.  Director  of  Physician  Recruitment,  Fischer  Mangold  Group.  PO 
Box  788.  Pleasanton.  CA  94566:  800  227-2092.  in  California  415 
484-1200 

MISSOURI:  Associate  needed  for  very  busy  family  and  occupational 
practice  located  in  northwest  Missouri  Guaranteed  minimum  com¬ 
pensation  plus  substantial  incentives  and  benefits  Excellent  potential 
for  equity  position  for  the  right  individual  Considerable  growth  and 
expansion  opportunity  Career-oriented  physicians  send  resumes  to 
Health  Innovators.  8550  NW  48th  St.  Ft  Lauderdale  FL  33321  305 
748-9100 

MISSOURI:  Well-qualified  emergency  physician  needed  for  a  full- 
service,  acute  care  facility  which  has  a  service  area  population  of 
95  000  Emergency  department  patient  volume  is  approximately 
12  000  annually,  and  the  total  compensation  package  is  approx¬ 
imately  $85,000  annually  For  additional  information,  please  send  CV 
to  Cecelia  Cleary  Emergency  Medical  Services.  3212  Central  Ave 
Kansas  City.  MO  64 1 1 1.  or  call  800  821-5147  or  816  561-1025 

MISSOURI,  Springfield:  Nine-man  group  desires  a  tenth  person  to  staff 
the  emergency  departments  of  Cox  North  (300  bed)  and  Cox  South 
(5 00  bed)  Above  average  salary  plus  15%  profitshanng  plan  Life, 
medical,  and  disability  insurance  and  a  medical  reimbursement  plan 
Five  weeks  paid  vacation,  an  average  37-hour  week  Malpractice 
paid  Shane  L  Bennoch.  MD,  Emergency  Dept.  Cox  Medical  Center. 
1423  N  Jetterson  Springfield.  MO  65802.  or  call  collect  417/836-3193 
(office)  or  417  753-2683  (home) 

MISSOURI,  St  Louis:  Full-lime  slaff  and  directorships  exist  at  five  new 
St  Louis  metropolitan  area  health-care  facilities  Openings  include 
hospital-based  emergency  medicine  positions.  HMOs,  or  freestand¬ 
ing  urgent  care  centers  Benefits  include  flexible  scheduling,  com¬ 
petitive  income,  professional  liability  insurance,  moving  allowance. 


EMERGENCY  I 
PHYSICIAN  \ 

New  York  City  Metro  Area  I 
FULL-TIME  I 

We  currently  have  an  opportunity  available  1 
for  an  Emergency  Physician  in  our  dynamic,  1 
busy,  voluntary  teaching  hospital.  1 

To  qualify,  you  must  be  board  prepared  or  1 
certified  in  emergency  medicine.  You  I 
should  enjoy  and  have  an  interest  in  teach-  | 
ing  and  supervising  house  staff  as  these 
duties  ore  required. 

We  offer  an  excellent  salary  with  incentives 
and  liberal  benefits  which  include  malprac¬ 
tice  insurance.  For  confidential  considera¬ 
tion,  please  send  your  resume,  including 
salary  history  to: 

St.  Vincent's  Medical  Center  of  Richmond 

355  Bard  Avenue  •  Sfofen  Island,  New  York  10310 
Attn:  Ann  Mane  McGrath 


Equal  Opportunity  Employer 
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SARATOGA  HOSPITAL  is  a  253-bed  community 
hospital  located  in  Saratoga  Springs,  New  York, 
famous  for  its  health,  history  and  horses.  The  uni¬ 
que  environment  provides  a  rare  opportunity  to 
combine  professional  practice  with  an  exciting 
and  interesting  lifestyle. 

We  are  currently  seeking  a  Board  certified  or 
admissable  Medical  Director  with  at  least  two 
years  emergency  department  experience  for  a 
30,000  visit  per  year  service.  The  Director  will 
have  administrative  responsibility  for  providing 
professional  direction  to  a  multi-disciplinary 
Emergency  Department  staff  and  will  supervise 
all  Emergency  Department  Physicians. 


CME  tuition,  ACLS,  ATLS.  and  ACEP  membership  dues  reimburse¬ 
ment  For  details  contact  Debbie  Kotaki,  Spectrum  Emergency  Care. 
Inc,  PO  Box  27352,  St  Louis.  MO  63141;  314/878-2280  or  800/ 
325-3982  (toll  free) 

MISSOURI,  St  Louis  Metro  Area:  Need  BC  IM,  FP,  or  EM  physician  for 
moderate  volume  Illinois  ED  ACLS  required,  ATLS  strongly  recom¬ 
mended  Expanding  organization  with  ED  and  industrial  medicine 
exposure  Opening  in  September.  For  further  information,  send  CV  in 
confidence  to  ACEP  Box  934.  PO  Box  61991 1 ,  Dallas,  TX  75261-9911. 

MONTANA:  Expanding  physician-owned  emergency  group  has  open¬ 
ing  for  full-time  career-onented  emergency  physicians  in  western 
Montana  Flexible  work  schedules,  excellent  working  and  living  condi¬ 
tions  Contact  Donald  Cantway.  MD,  or  Sheldon  K  Truax,  307/745- 
3169  or  send  CV  to  IntraWest  Medical  Services.  PO  Box  1649, 
Laramie  WY  82070 

NEVADA,  Lake  Tahoe  Area:  Board-certified/-prepared  emergency 
physician  needed  for  moderate  volume  emergency  department  Fa¬ 
cility  is  base  station.  Excellent  staff  backup.  Fee  for  service.  Paid 
malpractice  Please  send  CV  to  Dr  Richard  Flarvey.  Carson-Tahoe 
Hospital  Emergency  Dept.  1201  N  Mountain  St.  Carson  City.  NV  89701 

NEW  HAMPSHIRE,  Concord:  Emergency  physician  to  help  man  hos¬ 
pital-based  urgent  care  center  and  rotate  through  busy  emergency 
department  300-bed  Level  II  trauma  center.  Competitive  salary.  Send 
CV  to  Concord  Emergency  Medical  Associates,  Concord  Hospital. 
250  Pleasant  St  Concord.  NH  03301 

NEW  HAMPSHIRE,  Manchester:  Full-time  position  available  July  1984 
for  experienced  ED  physician  Prefer  board  certified  or  prepared.  One 
hour  from  Boston  or  the  White  Mountains  Modern  Level  II  trauma 
center  27  000  annual  visits,  excellent  compensation  Send  CV  and 
contact  Jim  Young  MD,  Elliot  Hospital  955  Auburn  St,  Manchester. 
NH  03103,  603  669-5300 

NEW  JERSEY:  Career-oriented  emergency  medicine  practitioners 
wanted  for  lui1  time  positions  in  emergency  departments  in  northern 
and  central  New  Jersey  Certification  or  qualification  in  emergency 
medicine  or  related  specialty  required,  full-time  emergency  experi¬ 
ence  preferred  Send  CV  to  Emergency  Medical  Associates  of  New 
Jersey.  PA  651  W  Mount  Pleasant  Ave,  Livingston.  NJ  07039.  Attn 
Louise  Pirone 

NEW  JERSEY,  Emergency  Physician:  Immediate  opening  for  full-time 
emergency  physician  Board  certification  or  residency  training  in 
emergency  medicine  preferred  Partnership  available  in  independent 
fee-for-service  group  in  one  of  New  Jersey  s  most  prestigious  hospitals 
located  in  northern  New  Jersey  Excellent  compensation  Reply  in 
confidence  to  ACEP  Box  933.  POBox6l9911.  Dallas.  TX  75261-9911 

NEW  JERSEY:  Full  t  ime  and  part  time  emergency  department  posi 
(ions  in  new  ED  of  410  bed  JCAH  accredited  hospital  Board  certified 


We  also  have  immediate  need  for  an 

EMERGENCY  DEPARTMENT 
STAFF  PHYSICIAN 

.  .  who  is  Board  certified  or  admissable, 
preferably  with  emergency  department 
experience. 

Qualified  applicants  should  apply  by  resume  in 
confidence  to  Wilfred  J.  Addison,  C.E.O., 


SARATOGA  HOSPITAL 

21 1  Church  Street 

Saratoga  Springs,  New  York  12866 

An  Equal  Opportunity  Employer 


prepared  in  emergency  medicine,  family  practice,  internal  medicine, 
or  surgery  with  minimum  of  two  years  emergency  department  experi¬ 
ence  Liberal  salary  and  benefits  package  Send  CV  to  Joseph  J 
Levinsky.  MD,  Director.  Emergency  Services.  Memorial  Hospital  of 
Burlington  County.  1 75  Madison  Ave.  Ml  Holly.  NJ  08060  Equal  Oppor¬ 
tunity  Employer  M/F 

NEW  JERSEY:  Full-time  position.  370-bed  acute  care  hospital  in  north¬ 
ern  New  Jersey'Tnetropolitan  New  York  area,  located  five  miles  from 
Manhattan.  ED  volume  approximately  21.000  Paramedic  base  station 
with  backup  in  all  specialties  FFS  group  $90,000  first  year  for  36-hour 
week  plus  10  hours  month  administrative  duties  Partnership  FFS  sec¬ 
ond  year  Expansion  into  satellite  facility  expected  this  year  ABEM- 
certified  or  emergency  medicine  residency-trained  physicians  only 
Prefer  current  NJ  license  Reply  in  confidence  to  ACEP  Box  910,  PO 
Box  619911,  Dallas,  TX  75261-9911 

NEW  JERSEY,  Centra):  Full-time  position  for  a  physician  BC'BP  in 
emergency  medicine  or  a  related  specialty  with  ED  experience 
37.000+  visits  year  in  a  420-bed  mapr  teaching  affiliate  of  UMDNJ- 
Rutgers  Medical  School  Double  coverage  for  twelve  hours/day  Resi¬ 
dent  and  medical  student  teaching  plus  involvement  in  regional  EMS 
necessary  Starting  salary  approximately  $92.000  year.  Send  CV  to 
ACEP  Box  931.  PO  Box  619911.  Dallas.  TX  75261-9911 

NEW  JERSEY,  SOUTHEASTERN  PENNSYLVANIA:  Expanding  group 
needs  full-time  career  physicians  ATLS.  ACLS  and  experience  re¬ 
quired  Competitive  salary  plus  excellent  benefit  package  Send  CV  to 
ECEP.  75  Atsion  Cl  Medford  NJ  08055 

NEW  MEXICO  Northwest:  Immediate  opening  for  qualified  physician 
in  Level  II  trauma  center  in  the  beautiful  Four  Corners  area  of  New 
Mexico.  Recreational  opportunities  abound  Excellent  compensation 
package  Board  certified  -prepared  applicants  send  CV  to  JE  Nord¬ 
strom.  PO  Box  1397.  Farmington.  NM  87499  oi  call  505  325-1836 

NEW  MEXICO  Silver  City:  September  opening  tor  board-qualified  or 
experienced  emergency  physician  to  |om  regional  medical  center  ED 
group  Immediate  partial  partnership  excellent  growlti  potential 
beautiful  environment  serves  100-nnle  radius  prehospital  teaching 
opportunity  Wniiam  Nee'v  MD  Box  3050  Silver  City  NM  88062  505 
536  9949 

NEW  YORK:  Immediate  opening  tor  fulltime,  board-certified  -pre¬ 
pared  emergency  plvysir  mii  Prefer  ED  residency  trained.  ACLS  AT  LS 
certified  Progressive  we  ogmnped  .300  bed  community  hospital  in 
beautiful  northern  Westchester  County  with  23  000  LD  visits  year  35 
miles  from  NYC  20  miles  Wore  LI  Sound  t  xceJent  salary  and  fringe 
benefits  Send  CV  to  Hebert  Marcus  MU  Chief  Emergency  Depart¬ 
ment  Northern  Westcl  e-. Im  Hnsp.t.r  Outer  Ml  Kiseo  NY  10549.914 
666  1776 


NEW  YORK,  New  Paftz: 

trained  physicians  Aho 
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beautiful  Mid-Hudson  Valley.  80  miles  from  New  York  City  Start  dale  is 
July  15. 1985  Package  includes  health,  life,  disability,  and  malpractice 
insurance.  $30  hour  Attractive  scheduling  and  potential  profitsharing 
Send  CV  inquiries  to  Gary  W  Greer,  MD.  RD  3.  Box  44A.  Cogan 
Station.  PA  17728.  717  494-0420 

NEW  YORK,  Rochester:  400-bed  university-affiliated  community 
teaching  hospital  seeking  experienced  or  residency-trained  emer¬ 
gency  physician  Department  sees  40,000  patients  per  year.  New 
physical  plant  in  planning  stages.  Salary  and  starting  date  negotiable. 
Send  CV  m  confidence  to  Richard  S  Krause.  MD,  Director,  Emergency 
Division.  Department  of  Ambulatory  Services,  The  Genesee  Hospital. 
224  Alexander  St,  Rochester,  NY  14607 

NEW  YORK,  NEW  JERSEY,  PENNSYLVANIA:  Excellent  opportunity  for 
career-oriented  physician  preferably  with  training  in  surgery  and/or 
emergency  medicine  and  two  years  experience  to  work  in  pleasant 
atmosphere  of  treestanding  emergency  treatment  offices  Competitive 
salary  and  benefit  package  Medical  director  positions  available  Con¬ 
tact  Richard  L  Levine,  MD.  President.  PriMed,  Inc.  2500  Brunswick 
Pike  Lawrenceville.  NJ  08648.  609.771-6663 

NORTH  CAROLINA:  Community-oriented  emergency  medicine  group 
seeking  career  full-time  emergency  physicians  for  coverage  ot  two 
local  hospitals  (each  with  16,000  ED  visits/year)  in  NC  foothills  Excel¬ 
lent  salary  and  benefits  Must  have  excellent  PR  abilities  and  be  willing 
to  live  in  area  and  support  hospital  and  community  interests  Respond 
to  Mountain  Emergency  Physicians.  PA.  215  Willowbrook  Rd.  Lenoir, 
NC  28645,  704/758-9583 

NORTH  CAROLINA:  Emergency  department  positions  available 
throughout  the  scenic  Blue  Ridge  Mountains  of  western  North  Car¬ 
olina  A  paradise  for  those  who  enioy  skiing,  hiking,  canoeing,  and 
fishing  Easy  access  to  maior  cities.  Low  and  moderate  volume  facili¬ 
ties  with  good  medical  staff  support  Excellent  compensation  and 
professional  liability  insurance  provided  Independent  contractor  sta¬ 
tus.  For  further  information  contact  Doug  Riley.  Coastal  Emergency 
Services.  Inc.  Ste  217.  Executive  Park,  Asheville.  NC  28801;  or  call 
collect  704/253-1256 


MED  Group 

A  Physician  Partnership 

Directors  and  Staff  Physicians 

MED  GROUP,  a  physician  partnership  committed 
to  leadership  and  excellence  in  the  practice  of 
emergency  medicine,  is  seeking  to  affiliate  with 
qualified  physicians  on  a  full-time  and  part-time 
basis.  Positions  are  available  at  suburban  locations 
in  northeast  Ohio  and  California.  MED  GROUP 
offers  a  superior  compensation  package  including 
guaranteed  base  salary  and  bonus  (Total  compensa¬ 
tion  for  Directors:  90K-150K;  Associate  Directors 
and  Staff  Physicians:  70K-100K),  four  weeks  vaca¬ 
tion/conference  time,  malpractice  insurance,  plus 
other  benefits. 

Outstanding  physicians  are  eligible  for  partnership 
status  after  one  year.  Our  physicians  have  flexible 
work  schedules,  peer  interaction  and  multiple  ave¬ 
nues  for  career  development.  MED  GROUP  will 
help  you  achieve  your  personal  and  professional 
goals  in  the  field  of  Emergency  Medicine. 

For  more  information,  send  your  CV  to: 

MED  GROUP 

P.O.  Box  269 

Brewster  Mansion  on  Hudson  Square 

Hudson,  Ohio  44236,  (216)  656-1957 


NORTH  CAROLINA:  Emergency  physician  sought  for  500  +  bed 
teaching  hospital  Will  work  with  five  other  physicians  to  handle  a 
patient  load  of  approximately  35.000  patients  annually,  primarily  trau¬ 
ma  Board  certitied/prepared  in  emergency  medicine  Centrally  lo¬ 
cated  between  the  mountains  and  coast,  with  access  to  the  Research 
Triangle  facilities  and  three  maior  universities  Abundant  cultural  and 
social  opportunities  Competitive  compensation  package.  Send  CV  to 
Nancy  Nelson.  Personnel  Recruiter.  Wake  County  Hospital  System, 
Inc.  3000  New  8ern  Ave.  Raleigh.  NC  27610.  or  call  919/755-8140  An 
Equal  Opportunity  Employer 

NORTH  CAROLINA:  Full  t  ime.  career-oriented  emergency  physicians 
are  now  being  sought  for  positions  in  medium-sized,  full-service 
hospital  (300-550  beds)  with  active  emergency  departments, 
(25.000-35.000  visits  per  year),  as  well  as  in  freestanding  (private) 
EmergiCenters  Involvement  in  management,  pre-hospital  (EMS)  sys¬ 
tem  and  resident  teaching  is  available  and  encouraged  Excellent 
salary  and  complete  benefits  are  provided  to  the  members  of  this 
stable  group  of  emergency  physicians  For  more  detailed  information 
please  respond  with  complete  CV  to  SEMA.  PA,  PO  Box  12322.  Ste  3. 
10  Park  Plaza,  Research  Triangle  Park.  NC  27709 

NORTH  CAROLINA:  Full  -time  emergency  physician  needed  at  100- 
bed  hospital  located  one  hour  from  Raleigh/Durham  area  and  near 
large  recreational  lake  in  small  pleasant  community.  12.000  annual  ED 
visits  Excellent  medical  backup  Competitive  compensation  with  mal¬ 
practice  provided  Independent  contractor  status  For  further  informa¬ 
tion  contact  Coastal  Emergency  Services,  Inc.  PO  Box  2508.  Durham. 
NC  27705.  919  383-0367.  800-672-1665  in  NC;  800/334-3306  in  US 

NORTH  CAROLINA:  Full  -time  emergency  physicians  needed  tor  160- 
bed  hospital  with  good  medical  staff  support  Located  close  to  Char¬ 
lotte  and  1  2  hour  from  the  world-famous  Pinehurst  and  Southern  Pines 
golf  courses  16.000  ED  visits  annually  24-hour  shifts  Competitive 
compensation  with  malpractice  provided  Contact  Coastal  Emergen¬ 
cy  Services,  Inc  PO  Box  2508.  Durham.  NC  27705.  919/383-0367. 
800  672-1665  in  NC.  800-334-3306  in  US 

NORTH  CAROLINA:  Medical  director  needed  for  135-bed  hospital 
with  excellent  medical  staff  support  Located  45  minutes  from  Char¬ 
lotte  where  excellent  shopping  educational  and  cultural  opportunities 
abound  !3  000  ED  visits  annually  24-hour  shifts  As  director  benefit 
package  and  malpractice  insurance  are  provided  Contact  Coastal 


Emergency  Services,  Inc.  PO  Box  2508.  Durham.  NC  27705, 919/383- 
0367  800/672-1665  in  NC.  800/334-3306  in  US. 

NORTH  CAROLINA:  Modern  166-bed  hospital,  less  than  one  hour  from 
the  North  and  South  Carolina  beaches  and  major  university,  needs  full¬ 
time  emeigency  physician  Good  medical  staff  support  26,000  an¬ 
nual  ED  visits.  12-hour  shifts  with  physician  assistant  support  Inde¬ 
pendent  contractor  status.  Competitive  compensation  with  malprac¬ 
tice  insurance  provided.  Contact  Coastal  Emergency  Services.  Inc. 
PO  Box  2508,  Durham,  NC  27705;  919/383-0367  800/672-1665  in  NC; 
800/334-3306  in  US 

NORTH  CAROLINA:  Physician  to  join  established  group  in  historic 
piedmont  town  short  distance  from  any  of  three  major  cities  Busy  ED 
with  new  modern  facility  US  educated  with  residency  or  experience  in 
emergency  medicine  or  family  practice  preferred  Competitive  com¬ 
pensation  including  malpractice.  Flexible  schedule  Send  CV  or  con¬ 
tact  David  Skowronek.  MD.  11  Spicewood  Ln.  Salisbury.  NC  28144. 
704/636-7044. 

NORTH  CAROLINA,  Fayetteville:  Seek  physician-director  and  staff 
physician  to  complete  new  full-time  emergency  department  group  at 
new.  private,  community  hospital  with  good  working  conditions  and  full 
specialty  backup,  prefer  ABEM  certified 'prepared  with  ABFP  ABIM.  or 
ED  residency  plus  lull-lime  experience,  competitive  salary  and  bene¬ 
fits.  ground  door  opportunity  in  growing  ED  Please  contact  Douglas  I 
Hammer.  MD.  PO  Box  30788.  Raleigh.  NC  27622.  919/848-4757 

NORTH  CAROLINA,  High  Point:  Seek  career-oriented  emergency  phy¬ 
sician  to  torn  full-time  emergency  department  group  at  300  t-  bed 
community  hospital  with  good  working  conditions  and  full  specialty 
backup,  preler  ED  residency,  family  practice,  internal  medicine  board 
certification  plus  full-time  ED  experience,  competitive  salary,  bonus 
plan  and  benefits,  outstanding  opportunity  for  well-qualified  indi¬ 
vidual  Contact  Jeff  Tope.  MD.  PO  Box  5309.  High  Point,  NC  27262. 
919  292  4430 

NORTH  CAROLINA,  Lexington:  Residency-trained  physician  in  inter¬ 
nal  medicine,  emergency  medicine,  or  family  practice  for  modern 
hospital  with  21  000  emergency  department  visits  per  year  Also, 
urgent  care  work  available  Competitive  salary  and  benefits  Locum 
tenens  or  full-time  available  Send  CV  to  FESPA,  PO  Box  5856. 
Winston  Salem,  NC  27103 
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Oklahoma 
Can  Give  You 
Something 

To  Write  Home  About 


Like  more  than  a  million  acres  of  water,  and  more  shoreline 
than  the  Atlantic  and  Gulf  shorelines  combined.  Water  for 
swimming,  boating,  skiing;  fishing,  canoeing  or  sailing. 

A  healthy  lifestyle;  plenty  of  room  to  grow.  Excellent  schools 
whose  students  consistently  score  above  the  national  average. 
Abundant  natural  resources.  Central  location.  Temperate  cli¬ 
mate.  An  industrious  labor  market  that  is  among  the  most 
productive  and  highly  skilled  in  the  nation. 

Need  full-time  physician  for  our  second  FEC.  Board-certified 
or  prepared  in  EM  or  FP. 

Join  a  well-established,  stable  group  practicing  quality  emer¬ 
gency  medicine  in  Oklahoma's  beautiful  Green  Country.  Affili¬ 
ated  with  the  largest  hospital,  busiest  ED  in  the  state;  top  quality 
support  staff 

Tremendous  growth  potential.  Administrative  and  teaching 
medical  students,  residents  if  desired. 

To  begin  summer  1985.  Excellent  salary  and  benefit  package. 

Contact  Dr.  Howard  Roemer,  Medical  Director,  Emergency 
Care,  Inc.,  2929  S  Garnett,  Tulsa,  OK  74129.  (918)  665-1520. 
You'll  find  Oklahoma  really  is  something  to  write  home  about. 


NORTH  CAROLINA,  Raleigh;  Seek  career-oriented  emergency  physi¬ 
cian  to  join  full-time  emergency  department  group  at  excellent  private, 
community  hospital  with  good  working  conditions  and  full  specialty 
back-up  university  affiliations  encouraged,  prefer  family  practice, 
internal  medicine  board  certification  or  ED  residency  plus  full-time  ED 
experience,  competitive  salary,  pension/profit  sharing  plan,  and  ex¬ 
cellent  benefits,  outstanding  opportunity  for  well-qualified  individual 
Please  contact  Douglas  I  Hammer,  MD.  PO  Box  30788,  Raleigh,  NC 
27622.919  848-4757 


OHIO,  Assistant  Director:  Local  (one  hospital)  emergency  medicine 
group,  managing  16.000  annual  visit  ED  in  a  240-bed  community 
hospital,  is  seeking  full-time  assistant  director  Hospital  is  located  in 
community  of  40.000  residents  and  is  one  of  the  wealthiest  per  capita 
areas  in  the  state  Assistant  director  will  assume  several  administrative 
duties  in  department  and  assume  acting  directorship  when  current 
director  is  out  of  town  First  year  compensation  of  $84,000  plus  an 
excellent  benefit  package  for  average  42-hour  week  Junior  part¬ 
nership  will  be  available  after  six  months  and  senior  partnership  alter 
two  years  Please  send  CV  to  Darnel  Stern  and  Associates.  The  Medi¬ 
cal  Center  Last  Sle  240.  21 1  N  Whitfield  St  Pittsburgh  PA  15206  or 
inquire  directly  by  calling  bOO  438-24  76  or  in  Pennsylvania  412 
363  9700 


OHIO;  New  hospital  m  our  town  USA  free-lined  streets  restored 
mansions  summer  theater  with  several  colleges  and  universities  in 
I  he  area  Approximately  one  hour  from  Columbus  and  city  life  LD  sees 
I  ictween  900  1  000  patients  per  month  with  good  medical  stall  back 
up  f  xceilenf  potential  for  volume  growth  as  function  of  committed 
involved  anti  local  residing  ED  physician  Average  hourly  earnings 
$40  00  or  approximately  $80  000  per  yr-ar  Physician  remuneration  is 
fee -tor  service  and  is  not  limited  m  potential  We  are  a  nationwide 
(I'oup  ottering  CMf  group  incentive  after  3  years  individualized 
-,(  heduhnq  dic-c.iorships  and  contract  management  Contact  Ken 
baker  Director  ot  Physician  Recruitment  f  i-,t  tier  Mangold  Group  PC) 
box  7H8  P'u,f,,int()n  ( . A  94566  800  227  2092  or  in  CA  -115 
•184  1200 


OHIO:  Pedi  Ofrii  emeigency  physu  ian  sought  try  umergencv  physi 
r  an  i  .or  pi  train  m  Immediate  position  avai  able  in  an  ar  adennr  in-. til,, 
turn  Please  send  CV  to  PO  Box  00569  Cieveai-d  Oh -1-1  MO 


OHIO;  Cincinnati:  Well  estat dished  tee  tor  se'vn  e  f  M  grout > 


ABEM  certified  career  minded  physic-. to  tm  *  ,  •  ••  • 
sation  package;  approximately  10GK  Red  vacattui  ar-d  cooler 
time  Good  medical  backup  Double  coverage  ev>  "v  day  Mu  pm; 
insurance  and  pension  p'an  provided  Opportunity  lot  H.e  pa'tne 
after  1  year  Please  send  CV  to  Allan  Packer  MtJ  150/  l  s  n  ,  wood  A„o 
Cincinnati.  OH  4522-1 


OHIO,  Cleveland:  Our  caseload  is  up  Medic. i'  Emergency  Service*, 
operates  freestanding  urgent  care  centers  and  aiso  stalls  nostrtui 
emergency  departments  Our  first  urgent  care  center  is  one  of  'he 
most  heavily  used  facilities  in  all  of  Ohio  We  will  be  opening  two 
additional  centers  within  the  next  12  months  We  otter  the  opportunity 
of  practicing  emergency  medicine  in  a  pleasant  and  supportive  atmo 
sphere  with  an  attractive  case  mix  and  lop  notch  staff  You  work  hard 
but  have  regular  hours  and  an  excellent  salary  Alter  we  bolh  have  had 
some  experience  together  there  is  opportunity  for  stock  participation 
in  our  organization  It  you  want  to  concentrate  on  practicing  medicine 
and  earn  a  good  income  without  the  hassle  and  expense  of  running  an 
office  then  tins  can  be  the  opportunity  for  you  Please  send  CV  to 
Medical  Emergency  Services  Inc.  6133  Rockside  Rd  Ste  10  Inde- 
(jendence.  OH  44131  or  call  216  642  1400 


OHIO,  Cleveland  and  Suburbs:  Emergency  group  practice  seeks  full- 
time  and  part-time  physicians  tor  urgent  care  centers  Send  resume  to 
PO  Box  30569  Cleveland  OH  44130 


OHIO,  Marion:  tstablisned  welt  developed  muiti  hospital  group  ,s 
seeking  an  additional  experienced  emergency  physician  tor  a  posi¬ 
tion  m  a  122-bed  tertiary  care  hospital  emergency  department  Annual 
patient  volume  10  000-12  000  New  modern  L  D  facility  completed  m 
1981  Excellent  guaranteed  income  with  incentive  compensation  pro¬ 
gram  plus  paid  professional  liability  insurance  Contact  LMS  4010 
Dupont  Circle  Ste  700  Louisville  KY  40207  or  can  toll-free 
800  626-2040 


OHIO,  Massillon:  Full-time  position  available  in  a  p«oq«.*swt- 290-bed 
hospital  with  a  modern  and  new  emergency  faculty  Minimum  two 
years  EM  experience  required  along  with  a  current  Ol"o  v  <«w-,o 
ACLS  and  AILS  certificates  Excellent  smaiy  and  boot -tits  Send  cur¬ 
riculum  vitae  to  Director  of  Emergency  Department  Mav.i  on  Loir 
mumty  Hospital  Massillon.  OH  44646  or  ca1!  216  832  8761  e>t  522 7 
EOE  m  t 


OHIO,  Metropolitan  Cleveland  and  Northeast:  Directorship  .ml  staff 
physicians  Seek  board-certified  -prepared  emergency  ptiyv-  laes'ur 
stalling  of  urban  and  suburban  hospitals  Emergency  residency  fram¬ 
ing  or  at  least  three  years  experience  in  emergent.,  medicine  rugri  v 
recommended  Keen  interest  m  continuing  education  desi'eo  Curpo 
ration  oilers  superior  compensation  and  benefits  package  Pan  I  bene 
tils  include  malpractice  health,  life  dental  and  disability  insurances 
pension  and  profit  sharing  plans  and  education,]:  reimburse!’  cut 
Advancement  lo  shareholder  slatus  with  enhanced  benefits  and  cor 
porate  decision  making  lor  those  whoexce  the  corporation  >s  demo¬ 
cratically  structured  with  opportunity  lor  advancement  !<:  shareholder 
status  Outstanding  position  tor  well  qualified  ind'vutn-i  F’-ease  --end 
CV  to  RO  Box  30569  Cleveland  OH  44130  2'6  8-12  7990 


OHIO,  Northeast:  Academic  institution  seeking  poard  prepared  arid 
residency-trained  staff  physicians  for  a  planner}  emergency  'fedu  nr 
residency  program  -11  500  volume  Corporate  t» •  fur  service-  com 
pensutiun  pac.kane  worth  over  $100  000  (Vase  send  CV  Hi  P(.)  Bn* 
30510  Cleveland  OH  44130  or  inguire  at  3H>  /4  /  07/  <  ext  44bb 


OHIO,  Northeast:  BC  BP  anil  or  residency  trained  emergency  physi 
eian  to  join  group  staffing  a  fu  -M*rv:u*  teaching  hnspita.  f  [).  35  000 
visits  year  superior  romponsatii m  <  t  in -mei ■*, urate  w-th  « maiitu  aliens 
Send  CV  to  ACL  P  Box  03/  PO  Box  p.ldPH  Da-ms  IX  /dObl  dOU 


OHIO,  Northeast:  [Me<  lor  stun  and  slat*  p.  >s 

p.rlu  i*i  i*  Must  [  i<  -  m  “ .it  j>  *r  ;i  ¥  trained  rpt  ms  1 


>r  hi  emergent 


! it «•  *d  ; r i  t  -r’.i-ri  }i 't a 

(  )\  *  44  HP  >t  >5 


OHIO,  Southwestern:  Va  . e -  *»  mstat  -  ••  •-■fiiii -.hed  "ri  hip 

■' "  l  M  ri  i  .’ii  »*».  j*  >*‘t  v  d*  ■p«i,,,,,ef  it*  ea*  1 1  Vvitn  3i )  0(H)  i*  "  . ,  r  um1, 

!  •  * ■  «  •  M  a.r,  p  -i-  ,i..i  ut'f  t'-iMi*",  Mi'iii' i.t»  t . .  {:  3  ye.ie- 

,  !•  I  >.  i* ’  •» •!  it  e*  -ne-'i  i  ■  r<  ■.  j  ;  ■;  •.  ir .  *'-i  ■* '  '\  i*  4B{  V 

Hi-p  ,  .vM  -  <  v  * « i  ,.*■**  r  a- s  !  ,M  Vi  J  i  e e :  •  !■  I  " ■<  ■>.  j*  -i  ■  , 


OKLAHOMA,  Tulsa: 


'  !  >  •  j  n.  '  |  a . i  v\  :*,  j,  |  ... 
■  if  at-  *u  I:.  ■  i r ' 
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ATTENTION  EMERGENCY  GROUPS! 


Large  national  emergency  firm  seeks  mergers / 
acquisitions  with  local! regional  groups 


Opportunity  to  gain  support  services 


-marketing 

-public  relations 

-nursing  &  physician  education 

-financial  consulting 

-malpractice  insurance 


Option  for  group  to  retain  local  control  if  desired 


Write  or  phone  Allan  Rappoport.  M.D.,  National 
Emergency  Services.  Inc.,  P.O.  Box  156,  Tiburon,  CA 
94920  415/435-4591 


Tulsa  has  access  lo  all  types  of  outdoor  recreation  Send  resume  to 
Eastern  Oklahoma  Emergency  Physicians.  Inc.  1923  S  Utica,  Tulsa, 
OK  74104,  or  call  collect  918  744-2969 

OPPORTUNITIES:  Nationwide  for  directors  and  staff  emergency  phy¬ 
sicians  in  private  group,  academic  or  hospital  based  practices  Excel¬ 
lent  guaranteed  salaries  and  benefit  packages  Forward  CV  with 
obiectives  and  geographic  preference  to  Physician  Registry,  Emer¬ 
gency  Medicine.  PO  Box  1336.  Findlay,  OH  45840 

OREGON:  Full-time  emergency  physicians  needed  for  northeastern 
Oregon  location  Well-equipped,  well-staffed  emergency  department; 
patient  volume  10,000/year  Hourly  compensation;  malpractice  pro¬ 
vided  Superb  recreational  opportunities.  Send  CV  to  L  Poscbman. 
Physician  Services.  Northwest  Emergency  Physicians.  1 1808  Northup 
Way,  Bellevue.  WA  98005;  206/828-6799 

PENNSYLVANIA:  Emergency  physician  system.  Needs  several  full¬ 
time  emergency  physicians  for  western  Pennsylvania  area  emergency 
departments  Independent  contractor  arrangements.  The  system  is 
on  a  lee-for-servicc  basis.  Contact  4 1 2/228-3400  for  interview  appoint¬ 
ment 

PENNSYLVANIA:  Immediate  full-time  opportunity  for  a  physician  in  a 
175-bed  community  hospital  emergency  department  with  approx¬ 
imately  25,000  annual  visits.  Located  20  miles  northwest  of  Pittsburgh 
and  ten  minutes  from  the  Greater  Pittsburgh  Airport,  Aliquippa  Hospi¬ 
tal  is  a  progressive  community  hospital.  Emergency  department  expe¬ 
rience  required  Board  certification  preferred  for  this  position.  Com¬ 
petitive  salary  excellent  benefits,  and  paid  malpractice  insurance 
Send  CV  to  William  Donatelli.  Aliquippa  Hospital,  2500  Hospital  Dr. 
Aliquippa.  PA  15001 

PENNSYLVANIA:  Progressive  450-bed  teaching  hospital  seeks  emer¬ 
gency  physician  with  three  years  administrative  experience  to  chair 
newly  renovated  department  of  emergency  medicine  Volume  30.000 
visits  Excellent  compensation  and  benefits  Lovely  community  for 
family  life  Applicant  should  be  board  certified  qualified  in  emergency 
medicine  Contact  Jerry  Silver.  Vice  President/Patient  Services.  Cone- 
maugh  Valley  Memorial  Hospital.  Johnstown.  PA  15905-4398. 
814  533  9717 

PENNSYLVANIA,  Chester:  Full-time  position  (40  hours  per  week)  avail 


able  now  with  fee-for-service  emergency  medicine  group  at  454-bed 
teaching  hospital  with  approximately  40  000  emergency  department 
visits  annually  Prefer  board-certified  -prepared  physician  m  emergen¬ 
cy  medicine,  interna)  medicine  with  ACLSATLS  certification  Com¬ 
petitive  salary  paid  vacation  and  conference  time,  profitsharing  and 
other  fringe  benefits  Send  CV  to  Emergency  Medical  Associates.  Ltd, 
15th  &  Upland  Ave.  Chester.  PA  19013,  or  call  215  874-8177 

PENNSYLVANIA,  Northeastern:  Opportunity  for  a  career-oriented 
emergency  physician  in  a  busy  ED  with  medical  command  to  ALS 
unit  Located  on  the  Pocono  northeast  of  Pennsylvania  Malpractice 
paid,  subcontractor  status  Candidate  must  be  board  certified  pre- 
pared  EM  or  FP  and  ACLS  certified  Mail  CV  to  AES.  Inc.  PO  Box  2510. 
Wilkes-Barre.  PA  18703;  or  call  717  825-5333 

PENNSYLVANIA,  Northwest:  Immediate  full-time  and  potential  direc¬ 
torship  opportunity  available  in  attractive  location  Hourly  salary,  flexi¬ 
ble  scheduling,  malpractice  insurance  provided  Locum  tenens  op¬ 
portunities  also  available  For  more  information  contact  Emergency 
Consultants.  Inc.  One  Windemere  PI.  Petoskey.  Ml  49770,  800 
253-7092.  m  Michigan  call  800/632-9650 

PENNSYLVANIA,  Philadelphia:  Due  to  recent  growth  in  suburban  Phil¬ 
adelphia,  a  director  and  staff  physicians  are  needed  for  two  moderate- 
to  high-volume  hospital-based  emergency  departments  In  addition 
to  a  competitive  income  and  flexible  scheduling,  we  are  offering  paid 
occurrence  malpractice  coverage,  relocation  allowance,  CME  tuition, 
licensing  fees,  and  ACEP  dues  reimbursement  Board  qualification  or 
certification  preferred.  For  details  contact  John  Dammnch.  Spectrum 
Emergency  Care,  Inc,  PO  Box  27352.  St  Louis  MO  63141,  800- 
325-3982;  314/878-2280 

PENNSYLVANIA,  Philadelphia:  Full-time  position  in  maior  university- 
affiliated  hospital.  ED  seeing  27.000  patients/year.  Staff  physicians 
have  faculty  appointments  with  responsibility  for  patient  care  and 
supervision  of  housestaff  and  students.  Seeking  board-certified,  -pre¬ 
pared  candidates  in  emergency  medicine  or  primary  care  specialties 
with  ED  experience.  Contact  Laurence  Gavin.  MD.  Director,  Emergen- 
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ALBERT  A\\V 
E1NSTEIN\Y\\\ 

MEDICAL \\\  V 
CENTER  \\\A 

Northern  Divisiorv 


CHAIRPERSON 

DEPARTMENT  OF 
EMERGENCY  MEDICINE 

The  Albert  Einstein  Medical  Center,  Northern  Division, 
a  600-bed  multidisciplinary  acute  and  tertiary  care 
facility,  which  is  the  largest  teaching  affiliate  of  the 
Temple  University  School  of  Medicine,  seeks  to  recruit 
a  Chairperson  for  the  newly  created  Department  of 
Emergency  Medicine. 

The  department  sees  over  40,000  patients  each  year 
and  has  a  major  commitment  to  clinical  care,  teaching 
and  research.  Kindly  submit  your  curriculum  vitae  to 

PETER  MAMUNES,  M.D. 

Chairman,  Department  of  Pediatric* 
Chairman,  Emergency  Medicine  Search  Committee 

ALBERT  EINSTEIN  MEDICAL  CENTER 
NORTHERN  DIVISION 

York  &  Tabor  Roads 
Philadelphia,  PA  19141 

Equal  Opportunity  Employer 
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cy  Dept,  Presbyterian-Umversity  of  Pennsylvania  Medical  Center,  39th 
and  Market  Streets,  Philadelphia,  PA  19104,  or  call  215,662-9350 


PENNSYLVANIA,  Philadelphia:  Maior  university  affiliated  teaching 
hospital  seeks  an  academically-oriented  emergency  physician  This 
619-bed  hospital  with  a  new  state-of-the-art  emergency  department 
sees  40,000  patients  annually.  Candidates  for  this  position  should  be 
skilled  clinicians  who  are  dedicated  to  teaching  medical  students  and 
housestaff,  and  who  wish  to  contribute  to  the  scholarly  development  of 
emergency  medicine.  Board  certification/board  preparation  in  emer¬ 
gency  medicine  is  required.  Academic  appointments  are  available  at 
Temple  University  Medical  School.  Salary  and  benefits  are  com¬ 
petitive.  Please  submit  curriculum  vitae  to  Sherman  Podolsky,  MD. 
Director  of  Emergency  Medicine,  Albert  Einstein  Medical  Center, 
Northern  Division,  York  and  Tabor  Rds,  Philadelphia.  PA  19141. 


PENNSYLVANIA,  Pottsville:  Two  hours  from  ma|or  metropolitan  areas. 
1-1/2  hours  from  Pocono  Mountains.  Two  full-time  emergency  physi¬ 
cians  needed  to  complement  existing  emergency  medicine  group 
Candidates  should  be  board  certified/prepared  in  emergency  medi¬ 
cine  or  internal  medicine  and  possess  excellent  interpersonal  skills 
Generous  compensation  and  fringe  benefits.  Submit  resume  to  Dr 
Ralph  Shaw,  Pottsville  Hospital  and  Wane  Clinic,  420  S  Jackson  St. 
Pottsville,  PA  17901, 


PENNSYLVANIA,  Western:  Small  community  hospital  within  commut¬ 
ing  distance  of  Pittsburgh  seeks  full-time  career-oriented  emergency 
physician  to  join  two  full-time  physicians,  one  ABEM  certified,  one 
ABEM  prepared:  ABEM  preparation  or  certification  desirable;  13,000 
census,  progressive  department,  flexible  scheduling,  five  full  days  off 
per  week,  competitive  compensation  package;  opening  August  1985 
Send  CV  to  David  J  Simon,  MD,  Director,  Emergency  Department, 
Eilwood  City  Hospital,  Ellwood  City,  PA  16117;  or  call  412/752-0081. 


PENNSYLVANIA,  South  Central:  Emergency  physician  needed.  Com¬ 
mand  hospital  for  two-county  ALS  system.  43,000  ED  visits  yearly 
570-bed  teaching  hospital  designated  as  trauma  and  cardiac  center. 
Paramedic  education  program.  Salary  commensurate  with  qualifica¬ 
tions  and  experience.  Heart  of  the  Pennsylvania  Dutch  country.  50 
minutes  from  Baltimore.  Reply  to  LJ  Guzzardi,  MD,  FACEP,  Director  of 
Emergency  Medicine,  York  Hospital,  1001  S  George  St,  York,  PA 
17405.  717/771-2450 


RHODE  ISLAND:  Immediate  and  protected  full-time  emergency  physi¬ 
cian  sought  for  university-affiliated  hospital  with  30,000  annual  visits. 
Responsibilities  include  supervising  and  teaching  family  practice, 
internal  medicine,  and  surgical  residents  Seeking  ABEM-certified  or 
qualified  Competitive  salary  with  many  extras  Apply  to  Tony  Krembs. 
MD.  Chief  of  Emergency  Medicine,  The  Memorial  Hospital.  Prospect 
Street.  Pawtucket,  Rl  02860  An  Equal  Opportunity  Employer 


SOUTH  CAROUNA:  A  ssociate  needed  for  very  busy  internal  medi¬ 
cine.  family,  and  occupational  practice  located  m  central  South  Car¬ 
olina  Guaranteed  minimum  compensation  plus  substantial  incentives 
and  benefits  Excellent  potential  for  equity  position  for  the  right  indi¬ 
vidual  Considerable  growth  and  expansion  opportunity  Career  ori¬ 
ented  physicians  send  resumes  to  Health  Innovators  8550  NW  48th 
St  Ft  Lauderdale  FL  33321 


SOUTH  CAROUNA:  Full  -time  position  available  in  August  tor  career 
oriented  emergency  physician  Hos'r'al  is  modern  285-bed  Level  It 
facility  near  Columbia  with  30  000  visits  annua'-y  Exce-ent  backup 
and  affiliation  with  maior  teaching  hospital  Sent'  ".V  to  Jo'  -.  Sone 
MD  Richland  Memorial  Hospital  3301  Harden  St  Co  umbra  SC 
29203  or  cal!  803  765  7533 


SUNBELT,  Greenville,  Mississippi:  De-ta  city  of  50  000  surround 
lakes  and  recreational  areas  Flexible  scurdufs  a.  acr.omrr 
vacations  and  hunting  season  income  range  of  380  ’00  duo  in 
mg  on  pathology  and  voujme  Busy  LL>  wrr-  t  gr.  degree  of  •> 
sees  18  500  patients  pe'  yea'  and  has  show  steady  j'ow 
1976  New  1 1  000  sg  ft  department  n  250  bed  ”  ed".a  ter 
serves  as  EMS  satellite  center  to  University  'J  M-.s-imcp  f  t, 
98%  of  patients  with  excellent  "  erlic-<  si, if  buex  ..n  !*-.■  .  a '< 
Service  Opportunity  where  ■'  come  [jotor  '.u  -s  not  rr v.-g  t 

Mangold  provides  most  malpractice  <  oye'age  r,Ml  not . a 

incentive  after  3  years  and  direco'siups  x.  n  ■  ■.u' t  a-:, as"  ' 
Ken  Bake' Di'ector  of  Ptiys  cian  Rn'.s, i  i  .  >  w  v.i>  g  .  !' 
PO  Box  788  Pleasanton  CA  94566  -.00  '■'?!  .'092  •  i  •  ■■ 
484  1200 


TENNESSEE,  Emergency  Physician:  Need 
png-established  and  stable  group  r  Knox, 


PACIFIC  PHYSICIAN  SERVICES 

Excellent  opportunities  in  emergency/ 
urgent  care/family  practice  in: 


Alaska 

•  California 

1 

Idaho 

•  Oklahoma 

Oregon 

•  Texas 

New  Mexico 

•  Washington 

■Vs 

PROFESSIONALISM 

SECURITY 

vit? 

FLEXIBILITY 

choice  of  location 

•  ownership  equity 

choice  of  practice 

•  advancement 

type 

•  flexible  scheduling 

guarantee  +  incentive  •  relocation  options 

Contact: 


Southwest 

Rosemary  Estupinan 
Pacific  Physician  Services 
12  North  Fifth  Street 
Redlands,  CA  92373 
(714)  825-4401 


Northwest 

Loretta  Poschman 
Northwest  Emergency  Physicians 
11808  Northup  Way 
Bellevue,  WA  98005 
(206)  828-6799 


NORTHWEST  EMERGENCY  PHYSICIANS- 


ciaitv  backup,  excellent  compensation  package  including  multiple 
insurance  benefits,  profit  sharing  and  pension  plans  and  CME  allow¬ 
ance  Work  schedule  allows  ample  time  off.  Send  CV  to  Knoxville 
Emergency  Physicians  Group,  Blount  Professional  Building,  Ste  #6. 
Knoxville.  TN  37920.  or  call  615/523-6579 


TENNESSEE:  Experienced  career  emergency  physician  needed  to 
tom  well-established  group  in  Chattanooga  Excellent  salary  and 
fringe  benefits  Contact  Shawn  Gazaleh.  MD  Director.  Emergency 
Medicine  975  East  Third  St,  Chattanooga.  TN,  37403.  615<778-7628 


TENNESSEE,  Chattanooga:  Full-time  with  established  multi-hospital 
group  Excellent  saiary  plus  fringe  benefit  program  including  medical, 
disability  life  and  malpractice  insurance  profitsharing  plan,  etc  CV 
lo  Emergency  Medical  Associates  PO  Box  2538.  Chattanooga.  TN 
17407  615  629  9795  or  Chic  Thomas  615  842-0657 


TENNESSEE,  Nashville:  Emergency  department  full -lime  position 
avuivib  e  af  600  •  tied  hospital  Must  be  board  certified  prepared  in 
LM  or  have  pnor  ED  experience  Offers  physician  participation  in 
I'ospifa  pub  -c  re  aliens  programs  and  emergency  an  transport  sys- 
s*i>  P'o.r  '■  i,b"’il  resume  to  Emergency  Consultant Inc  OneWmd- 
<">(•«•.  p  Ste  ltd  Peloskey  Ml  49770  800  253  7592  m  Mu. rugae 
800  632  9650 


TENNESSEE.  Nashville:  N-a 
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gency  positions  immediately  available  for  community  hospital  Low 
volume  $30  00/hour.  40-hour  shifts  available  commuters  welcome 
malpractice,  flexible  scheduling  Call  Jim  Marlin  Southwest  Critical 
Care  Associates,  318/688-2902.  PO  Box  17977,  Shreveport.  LA  71138- 
0977 

TEXAS:  Full-time  emergency  position  available  in  modern  emergency 
facility  in  north  central  Texas.  Fee-for-service  with  minimum  guarantee 
Malpractice  paid.  Two  years  emergency  department  experience  or 
equivalent  Send  CV  and  write  for  application  to  Emergency  Medicine 
Consultants,  1525  Mernmac  Circle,  Ste  107,  Fort  Worth.  TX  76107  or 
call  817  336-8600.  metro  429-8881 

TEXAS:  Group  ED  practice  opportunity  Completing  local  group  for 
185-bed  community  hospital  with  21 .000  visits  (18,000  last  year)  Trau¬ 
ma  center  designation  in  progress,  full  specialty  backup  On-site  FP 
residency  with  ED  rotation,  active  nursing  education  department,  and 
hospital-based  paramedic  ambulance  service  require  commitment  to 
teaching  US-trained  physicians  who  are  nearing  or  have  completed 
ABEM  preparation/certification  with  high  volume  ED/trauma  experi¬ 
ence  One  year  provisionary  status  at  95-100K  followed  by  full  associ¬ 
ate  position  if  compatible  Send  CV  to  ACEP  Box  881.  PO  Box  619911. 
Dallas,  TX  75261-9911 

TEXAS:  Physician  wanted  Guarantee  $30/'hour  or  percentage  of 
gross,  whichever  is  greater  Liability  malpractice  insurance  paid,  flexi¬ 
ble  schedule.  Growing  community  one  hour  drive  from  Houston  on 
edge  of  "Big  Thicket  1  Write  LV  LeBoeuf.  MD.  PO  Box  7530.  Beaumont, 
TX  77706.  call  409'898-2445  or  409/755-2623 

TEXAS,  Dallas  Area:  Associate  medical  directors  needed  for  FEC 
expansion  in  Dallas  area  by  national  corporation  Full-  and  part-time 
positions  also  available  in  existing  FECs  Incentive  pay  plan,  malprac¬ 
tice  paid  DD  Stringer.  MD.  14902  Preston  Rd.  Dallas.  TX  75240 
214/980-1010 

TEXAS,  Denton,  Gainesville,  Sherman,  and  more:  Full-time  positions 
available  in  these  growing  Texas  cities  Small  group  serves  both  EDs 
and  FECs  US  education  required  Call  Mrs  Neu,  Numed  Systems.  Inc. 
817/566-1936 

TEXAS,  Fort  Worth,  Sherman,  Cleburne,  Azle:  Excellent  opportunity 
for  physicians  with  established  emergency  department  group  Experi¬ 
ence  required.  Malpractice  paid  Fee-for-service  with  minimum  guar¬ 
antee  Flexible  scheduling  Accepting  applications  for  full-  or  part- 
time  Send  CV  to  Emergency  Medicine  Consultants.  1525  Merrimac 
Circle.  Ste  107.  Fort  Worth,  TX  76107  or  call  817. 336-8600.  metro 
429-8881 

TEXAS,  Houston:  Full-time  career  position  is  available  in  two  hospital 
EDs  in  north  Houston  1960  area  Census  1.000-1.800.  competitive 
compensation,  fee  for  service  Amiable  and  easy-going  emergency 
physician  needed  with  experience  in  maior  trauma  and  acute  care 
The  physician  must  have  his  own  malpractice  insurance  policy  Send 
CV  to  Emergicare  Associates  4305  Westheimer.  Houston.  TX  77027, 
713  960-1210 

TEXAS,  Houston:  Quality-oriented  emergency  medicine  group  ol 
board-certified  -prepared  physicians  seeking  applications  from  ca¬ 
reer-minded  emergency  physicians  Group  staffing  three  EDs  at  the 
present  time  Fee-tor  service,  independent  contractor  status  with  mini¬ 
mum  hourly  guarantee  Consideration  given  to  applicants  with  US 
residency  training  in  emergency  medicine  or  at  least  two  years  of  ED 
experience  Send  CV  to  STEP  6910  Fannin.  Ste  307N  Houston  TX 
77030  7!3  795  068 1 

TEXAS,  Longview,  lytor,  Greenville:  Full-lime  positions  available  m 
beauMu:  Lxisf  Texas  Compensation  of  $75  000  to  $100  000  per  year 
Mth  tee -tor  service  and  hourly  guarantee  Flexible  scheduling  full 
.upper!  wvk  e*>  Contact  Brenda  Lancaster  LmCare  3600  Gaston 
'_>!<■  HO 2  Dana1,  T>  75246  In  Texas  214  823  6850  out  of  state  toll  tree 
800  53/  2 1 45 

TEXAS,  Lufkin:  L)«  wtorship  and  one  full  time  staff  position  available  m 
fTTid*»rri  omo'genr  i  department  Beautifm  surroundings  of  Jakes  and 
floods  Directorship  package  of  $100  000  plus  Please  contact  Keith  D 
W'Hiams  MD  Lmergic are  Systems  Corporation  3H)tS  2/th  St  Atn 
r  x  zgf ,05  01 6  605  64 40 

TEXAS,  Northeast:  Hospital  T  O  with  g  500  visits  per  y»»ar  t  mient 
and  iniinratur-  "»**di‘  a  slat*  with  wtde  representation  of  specials 
[  *■  .  *  -Mt  .,n  if’  it  jmf  y  *( if  family  Opportunity  for  sharing  diro<  torship  al 
*'M'y  date  posvtii'ity  tor  developing  group  to  serve  other  area  hosp* 


You  Are  Cordially  Invited 
To  Visit  With  Our  Representatives 
At  The  ECI  Booth  At  The 
ACEP  1985  Scientific  Assembly 
In  Las  Vegas,  Nevada 
September  9-12,  1985 


A  program  of  total  commitment .  .  . 
that's  the  ECI  career  edge. 

TjV^T  Emergency 

Consultants, Inc. 

2240  South  Airport  Rd.  •  Travertc  City,  Ml  49684 
1800)  253-1795  I outride  Michigan) 

(800)  632-3496  I  inside  Michigan) 


tals  $30  hour  starting,  malpractice  insurance  paid  Send  CV  to  ACEP 
Box  919,  PO  Box  619911.  Dallas.  TX  75261  9911 

TEXAS,  Panhandle:  Full-time  posihon  lor  physician  EM  or  FP  qualified 
Progressive  new  126-bed  hospital  with  cooperative  medical  stall  low 
volume  ED.  flexible  scheduling,  75.000  +  range  Call  or  send  CV  to 
Earl  Hotter,  MD.  Rt  1  Box  tt-A  Pampa  TX  79065  806  665  6166 

TEXAS,  San  Angelo:  Outstanding  opportunity  in  minor  emergency 
family  practice  clinics  Guaranteed  $100,000  tor  4  day  week  (13  hr 
days).  50  weeks  year  Profit  sharing  above  guarantee  Contact  Bill 
Bass.  MD.  Shamrock  Clinics  4208  College  Hills  San  Angelo  IX 
76904.915  942  8611 

TEXAS,  Tyierand  Longview:  Physicians  wanted  m  beautitu  east  lex, as 
foi  medical  clinics  and  hospital  emergency  departments  Hout'y  vs 
percentage  type  reimbursement  malpractice  paid  Send  CVs  to  Jane 
Taylor  4500  S  Broadway  Tylr”  TX  75703  or  cal-  214  58!  4J0O 

VIRGINIA:  Career  emergency  physicians  sought  tor  full-time  emer¬ 
gency  department  stall  posi'ions  m  626  bod  hospita-  in  piedmont  VA 
40  000  annual  visits  with  daily  double  coverage  during  the  busiest 
hours  Compensation  in  the  $80  000  range;  Independent  contractor 
status  malpractice  provided  Contact  Sharon  Spent  or  Coastal  t  met 
gency  Servir.es  Itu  101  Buford  Hd  StoJOh  Richmond  VAJJ2J6  or 
Can  800  552  06,38  in  VA  800  651  H)H  ,n  US  or  80-1  320  7549 

VIRGINIA:  t  m*»rgt‘nrv  <.k?p,irtmi‘nt  p<  >sitn  in1.  .iv.ikH  m-  through!  >u1  th»* 
sc  *>rm :  highl,in<  J\  of  *>oi  jtfiflosf  Vifgini.j  A  p.ir.tc Jim  *  f<  if  flu  ym‘  who or  i|Oy 
skiing  hiKiruj  ‘.<ino<MM(j  hr jrsr*t i,ii>  ? i< ttr h j  tishirg  . ir u  1  n^tuM*  study 
FJK.fur<‘  If  if »  tirf  *«itt  il.ik  if  ic  ]  vist.is  *  it  Hu*  B'uonggo  Mountains  Compeo 
saHoh  tt<)U  $50  (XX)  OO  OOO  flilh  .imp'*’  Hmo  ott  to  on|oy  Hip  <m*a 
( on!.!'  *  56, in  in  Spent  or  (.,«). istu  t  rrorgom  y  offyit  os  If u  H)1  16, 
font  H.t  Sri  ■2(15  M.OfM.foj  V'A  2.5M6  804  h'n  '64M  800  562  6628 
if  i  y'A  HOP  5; • 1  ll.it  <:ii  l.  I!  i 

NORTHERN  VIRGINIA,  Metropolitan  Washington,  DC,  and  Pennsylva¬ 
nia:  to  lin-.f  I'u!  ;  J.  *r  I  till  ■  t  ■  pt  I-  ,t  I.'  ,f  ,jv.  IMlt  >■* 1  ,n  !'v  *  {  [  K  .rut 
i,rg.(  onto*’.  i  f  y  «  i  iff  pot.|ivi  •  bt-n*l.|'.  m.rpr.K  In  o  ,*nd  'ability 
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TRAUMA 
CENTER  PHYSICIANS 


Challenging  Environment 
In  A  State-of-the-Art  Facility ... 


The  EMSEMt/Emergency  Department  Trauma 
Center  of  the  Ohio  Valley  Medical  Center,  Wheeling, 
West  Virginia. 

Opportunities  available  for  experienced  Physicians 
of  various  specialties'  in  this  ultra  modern  unit.  These 
Physician  positions  boast  a  competitive  annual  sal¬ 
ary  and  benefits  package  that  includes  malpractice 
insurance. 


The  Medical  Center  is  situated  in  a  small  metropoli¬ 
tan  area,  rated  the  Number  One  crime-free  commu¬ 
nity  in  the  country.  It  is  within  easy  reach  of  Pittsburgh , 
Columbus,  and  Cleveland,  thus  offering  the  best  in 
both  small  town  hospitality  and  large  city  con¬ 
venience.  West  Virginia  University  is  within  easy  com¬ 
muting  distance  and  members  of  the  department  may 
obtain  clinical  appointment  at  the  University. 


Please  feel  free  to  send  your  confidential  resume  to: 


m  ONE/MED  ■  ■ 

_ _  —  Physician  Recruitment  9  E 

# 14^  PO.  Box  6879  I  I 

1  Hf  JUM  -  Wheeling,  WV  26003  M  I 

M  W  ‘Internal  Medicine,  Family  K 

m  Practice,  and  Emergency  M 

Medicine  J 


‘Internal  Medicine, 
Practice,  and  Emergency 


An  Equal  Opportunity  Employer  M'F  H 


paid  Please  reply  to  ACEP  Box  925.  PO  Box  619911.  Dallas,  TX 
75261-9911 


NORTHERN  VIRGINIA,  Metropolitan  Washington,  DC,  and  Pennsylva¬ 
nia:  Well  established  physician-owned  group  practicing  emergency 
medicine  over  23  years  staffing  high  volume  emergency  departments 
and  urgicenters  invites  experienced  physicians  who  are  making  emer¬ 
gency  medicine  their  specialty  to  join  dynamic,  expanding  organiza¬ 
tion  Emergency  medicine  residency  prepared  or  ABEM  certified 
given  special  consideration  Salary  and  benefits  package  approx¬ 
imately  $70  000-S90.000  first  year  with  progressive  increase  to  full 
partnership  Potential  to  grow  within  organization  and  management 
opportunities  a  real  possibility  Please  send  CV  and  references  to  John 
P  McDade  MD  Alexandria  Physicians  Group.  Ltd.  8101  Hinson  Farm 
Rd  Ste  209  Alexandria  VA  22306 


VIRGINIA.  Richmond:  Seeking  residency-trained  physicians  for  full¬ 
time  emergency  department  positions  Two  facilities  with  a  combined 
patient  volume  of  50  000  plus  Hourly  compensation  plus  malpractice 
insurance  provided  For  more  information  contact  Emergency  Consul¬ 
tants  Inr;  One  Wmdemere  PI  Petoskey  Ml  49770  800  253-7092 
>o  M'Chicjan  800  632-9650 


VIRGINIA.  Southwest  Mountains:  Full  time  position  available  in  medi- 
.  ,m  si/er!  community  hospital  with  13  000  annual  visits  Prefer  career- 
oriented  emergency  physician  Benefits  include  attractive  hourly 
compensation  malpractice  insurance  CME  compensation  Good 
medica  backup  Abundant  time  off  to  er-;oy  scenic  area  Contact  Twin 
County  Community  Hospital  200  Hospital  Dr  Galax,  VA  24333 
703  296  818'  e,t  355 


WASHINGTON:  Fun  time  position  E  TF  located  in  eastern  Washington 
Guarantee  vs  FFS  Directorship  available  Contact  L  Poschman  Physi 
Cian  Services  11808  Northup  Way  Sle  100  Bellevue  WA  98005 
206  828  6  799 


WASHINGTON,  Kennewick:  Excellent  opportunity  to  |oin  our  fee-tor- 
servir.e  grout;  24  000  annual  visits  active  paramedic  visits  prefer 
career -oriented  emergency  physician  with  ATLS  ACLS  Position  is 


available  now  Send  CV  lo  Raymond  E  Kama.  DO  Medical  Director 
Emergency  Department.  Kennewick  General  Hospital  900  S  Auburn 
Kennewick.  WA  99336 


WASHINGTON,  Puget  Sound:  Local  independent  fee-lor-service 
group  staffing  low-volume  emergency  department  seeks  additional 
physician,  residency  trained  or  with  two  years  experience  Excellent 
remuneration  for  volume  of  (ust  over  10.000  150-bed  hospital  with 
excellent  partnership  available  after  one  year  if  mutually  agreeable 
Respond  with  CV  to  Puget  Sound  Emergency  Medical  Consultants. 
Box  97335.  Tacoma.  WA  98497,  or  call  206/582-1900 


WASHINGTON,  DC:  Emergency  physicians  needed  for  hospital  lo¬ 
cated  in  metropolitan  DC  area  Board  qualified  in  emergency  medi¬ 
cine  or  board  certified  in  the  primary  specialties  with  a  minimum  of  18 
months  ED  experience  required.  Hourly  compensation  as  an  indepen¬ 
dent  contractor  with  malpractice  provided  For  further  information 
contact  Linda  Johnston,  Coastal  Emergency  Services,  Inc,  1730  N 
Lynn  St.  Ste  401,  Arlington,  VA  22209;  703/841-0333 


WASHINGTON,  DC:  Full  -time  positions  available  in  community  hospital 
emergency  departments  in  the  DC.  suburban  Maryland,  and  Hac- 
kettstown.  NJ.  areas,  run  by  growing  corporation  responsive  to  your 
needs  Qualifications  personable  physicians,  board  certified/pre¬ 
pared  in  emergency  medicine,  with  ACLS  certification.  ATLS  pre¬ 
ferred.  Excellent  remuneration  and  benefits  Send  CV  to  Gary  Lang¬ 
ston.  MD.  9901  Medical  Center  Dr.  Rockville,  MD  20850 


WASHINGTON,  DC  AREA:  Immediate  employment  opportunities  avail¬ 
able  for  emergency  physicians,  family  practitioners,  and  housestaff  to 
service  emergency  departments  and  walk-in  medical  clinics  in  the 
suburban  MD/VA  area.  Send  CV  to  Steven  Remsen.  MD.  8401  Corpo¬ 
rate  Dr.  Ste  470,  Landover,  MD  20785.  or  call  301/731-6948 


WEST  VIRGINIA:  Immediate  opening  at  a  265-bed  acute  care  hospital 
located  in  southern  West  Virginia  and  southeastern  Virginia  serving  a 
120.000  service  area  with  18-20.000  annual  ED  visits.  One  hundred 
physicians  on  staff  with  maior  subspecialty  cover,  including  neu¬ 
rosurgeon.  24-hour  radiology,  laboratory,  and  cardiopulmonary  ser¬ 
vices  ATLS  and  ACLS  required  Excellent  salary  and  benefit  package 
available.  Send  CV  to  ACEP  Box  932,  PO  Box  619911,  Dallas.  TX 
75261-9911 


WEST  VIRGINIA,  Charleston:  Excellent  opportunity  in  emergency/ 
urgent  care  Full-time  positions  available  immediately  Volume  approx¬ 
imately  25,000  visits  per  year  Unique  set-up  or  urgent  care  and 
emergency  care  in  same  setting,  double  coverage  Prefer  career- 
minded,  experienced  physicians  with  residency  training  in  EM.  FP.  IM, 
or  surgery  Compensation  approximately  $90,000  plus  for  approx¬ 
imately  45-hour  week  Contact  R  Capito.  MD.  PO  Box  432.  Dunbar.  WV 
25064,  or  call  304/768-3961 


WEST  VIRGINIA,  Parkersburg:  Established  five-man  emergency  de¬ 
partment  group  has  immediate  opening  for  physician  career  oriented 
in  emergency  medicine  Physician  group  provides  emergency  ser¬ 
vices  to  St  Joseph's  Hospital  Center  Area  is  located  in  scenic  city  of 


EMERGENCY 

PHYSICIAN 


Board  prepared  or  certified  in  internal  medicine  or  emergency  medicine  to 

. .  “  ‘  a§i 


join  six  physician  Trauma  and  Emergency  Center  in  a  189  physician,  multi- 
specialty  group  with  attached  447-bed  hospital.  New  clinic  building  recently 
completed  The  Gunderson  Clinic  is  located  In  a  progressive  community  of 
50,000  with  expanding  university  and  private  college  Cultural  and  recreation 
facilities  Beautiful  setting,  good  schools.  Excellent  pension  program,  no  in¬ 
vestment  required  Service  organization.  Write: 


€ 


Brace  A.  Poleader,  II. D. 
Chairman  Personnel  Committee 
Gaadertca  Clinic,  Ltd. 
1836  Sonth  Avenue 
La  Crone,  Wisconsin  54601 


Gundersen  Clinic,  Ltd. 


1836  South  Avenue 
La  Crosse  Wisconsin  54601 
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65.000  with  35,000  annual  emergency  department  visits  Hospital  has 
seven  fully-equipped  modular  advanced  life  support  vehicles  and  17 
fully-trained  paramedics  CV  to  Van  Elliott,  MD.  Director  of  Emergency 
Medicine  Services.  St  Joseph's  Hospital  Center,  19th  St  and  Murdoch 
Ave,  Parkersburg,  WV  26101;  304/424-4111  ext  4222,  EOE 

WEST  VIRGINIA,  Wheeling  Hospital:  Emergency/Trauma  Department 
Seventh  and  last  position,  275-bed  regional  referral  hospital  with  com¬ 
prehensive  24-hour  on  call  backup.  Active  trauma  program.  Double 
coverage  and  choice  of  8/12-hour  shifts  Faculty  appointment  possi¬ 
ble  Six  figure  package  includes  benefits,  insurance,  over  six  weeks 
off  Near  Pittsburgh  Send  CV  to  Daymon  Evans,  MD,  FACEP,  Wheeling 
Hospital,  Emergency/Trauma  Center,  Medical  Park,  Wheeling,  WV 
26003 

WYOMING:  Physician-owned  emergency  group  has  opening  for  full¬ 
time  career-oriented  emergency  physician.  Flexible  work  schedules, 
ideal  working  and  living  conditions  available.  Contact  Donald  L  Cant¬ 
way,  MD,  or  Sheldon  K  Truax.  307/745-3169;  or  send  CV  to  IntraWest 
Medical  Services,  PC.  PO  Box  1649,  Laramie,  WY  82070. 


Business  Opportunities 

EMERGENCY  PHYSICIANS:  If  you  are  an  emergency  physician  mak¬ 
ing  a  steady  income,  perhaps  you  might  want  to  consider  the  pos¬ 
sibility  of  owning  medical  centers  on  the  side  which  can  realize  you  a 
six-figure  income  per  year  for  approximately  10  hours  of  work  per 
week.  For  information  call  312/349-4800. 

FEE-FOR-SERVICE  PATIENT  BILLING/MANAGEMENT  SERVICES:  We 

specialize  in  fee-for-service  billing  and  collection  for  hospital-based 
physicians  and  are  presently  managing  accounts  nationally  with  inter¬ 
nally-developed  programs  designed  exclusively  for  this  purpose.  We 
have  over  ten  years  of  experience,  and  we  will  put  any  or  all  of  our 
services  at  your  groups  disposal.  For  complete  information,  write 
Emergency  Medical  Systems,  Inc,  4010  Dupont  Cr,  Ste  700,  Louisville, 


1985 

PLACEMENT  DISPLAY  RATES 


Size 

Dimensions 

No.  Times 

Price 

1  page 

7"  x  10" 

1 

$1030 

1/2  page 
vertical 

3’/2"  x  10" 

1 

$730 

1/2  page 
horizontal 

7"  x  5" 

1 

$730 

1/3  page 
horizontal 

7"  x  3'A" 

1 

$560 

1/4  page 

3'A"  x  5" 

1 

$450 

1/6  page 

3'/2"  x  3'A" 

1 

$425 

1/8  page 

3V2"  x  2'A" 

1 

$390 

An  additional  charge  will  be  added  for  typesetting. 

Send  your  placement  display  advertising  to  Annals  of 
Emergency  Medicine,  PO  Box  619911,  Dallas,  TX  75261-9911.  Dead¬ 
line  for  September  1985  display  ads  is  July  19.  Deadline  for  October 
1985  display  ads  is  August  20. 


KY  40207;  or  call  800/626-2040  or  502/893-8100. 

TEMPORARY  MEDICAL  OFFICE,  Minor  Emergency  Center:  2-wide 
60'x14'  trailers  with  walls  and  counters  arranged  for  a  busy  family  and 
occupational  practice  presently  seeing  80  patients  daily.  Owner  wish¬ 
es  to  sell  or  lease  with  purchase  option.  Currently  located  in  NW 
Missouri  Contact  Health  Innovators,  8550  NW  48th  St,  Ft  Lauderdale, 
FL  33321;  305/748-9100. 


PLACEMENT  ADVERTISING  RATES 

Sixty  words  or  less,  $40  per  issue;  $2  for  each  additional  word.  To  determine  the  cost  of  your  ad,  count  each  group  of  letters  or  numbers 
bounded  by  spaces  as  one  word.  Examples:  EM,  1  word;  214/659-0911,  1  word;  Ronald  L  Krome,  MD.  4  words.  Five  dollars  per  issue 
additional  for  American  College  of  Emergency  Physicians  confidential  reply  box.  Send  your  placement  listing  to  Annals  of  Emergency 
Medicine.  PO  Box  619911,  Dallas,  TX  75261-9911;  214/659-0911.  Deadline  for  September  1985  placement  ads  is  July  19.  Deadline  for 
October  1985  placement  ads  is  August  20. 
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